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PRODUCT ASSURANCE PROGRAM 


Overview 


Device Reliability 


Improving product quality and reliability is an ongoing 
process at Teledyne Semiconductor. The data presented can 
only show what Teledyne Semiconductor's CMOS product in 
ceramic and epoxy plastic is capable of producing. It does not 
guarantee the stability of the process. A complete set of in- 
process controls have been insitituted to monitor product 
quality and reliability and provide feedback information needed 
to correct and improve the process and the product. A major 
element in this program is the Teledyne Semiconductor Prod- 
uct Assurance Program. Anoverview of this program is shown 
in Figure 1. 


This Product Assurance Program is the responsiblilty of the 
Quality Department and is defined in the Teledyne Semicon- 
ductor Quality Assurance and Reliability Program Manual. This 
program is designed so as to comply with United States MIL-Q- 
9858A. Implementation of the program is accomplished 
through three major functions: 


1. QUALITY CONTROL 
2. QUALITY ASSURANCE 
3. DEVICE RELIABILITY 


In addition to internal process controls, information is con- 
tinually gathered from the field through work with customers. 
This together with the information gathered internally within 
Teledyne Semiconductor provides a program so that Teledyne 
Semiconductor can provide the best quality products possible 
to our customers. The success of our program can be shown 
by the graphs that follow on Customer Return Rate and Outgo- 
ing Quality. 


Device Reliability is the main responsibility to the Reliability 
Group. The work of the Reliability Group at TSC has resulted 
in a product which exceeds the needs of most customers. The 
Reliability Group is responsible for Qualification and Monitoring 
new and ongoing Processes, Products and Packages, as well 
as ongoing Failure Analysis. Teledyne Semiconductor also 
involves the Reliability group in the development of new prod- 


- ucts, to insure device reliability from the initial concept, through 


design and prototype phase, and into the life of a mature 
product. 


Teledyne Semiconductor uses a "Design Team" concept to 
develop all products. The design team consists of members of 
the various functional areas involved, such as Product Engi- 
neering, Process Engineering, Test Engineering, Applications 
Engineering and Reliability. The Design Team has the respon- 
sibility of bringing the product through development and into 
production. Device Reliability is one focus of the Design 
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Statistical Process Controls 


_ Team. For any product to be released to production requires 


the unanimous approval of the Design Team. The Design 
Team approves the product based on successful completion of 
thorough qualification and life tests, and meeting of all other . 
criteria set for the individual product. 


Device Reliability is measured at Teledyne Semiconductor 
by the Quality Department. There are two main programs used 
forthis, the New Product Qualification Program and the Product 
Conformance Program for existing products. The New Product 
Qualification Program requires that all new products meet 
established standards of quality and reliability established for 
Teledyne Semiconductor products. TSC Conformance testing 
is asystem of continuous monitoring of the quality and reliability 
of all existing device types and package types. Both the 
Qualification Program and the Conformance Program follow 
procedures defined by MIL-STD-883 or JEDEC Standard 22, 
whichever is appropriate. 


Tables 1 and 2 present test data taken on TSC products over 
the years previous to the date this report was written. 


Statistical Process Control (SPC) has become recognized 
as an important tool to maintain and improve product quality. 
This is an area of increasing customer awareness and interest. 


One example of this is the pending Semiconductor Industry 
related Military Specification requiring manufacturers to have 
ongoing SPC programs fully implemented by Dec. 31, 1990. 
JEDEC has issued a General Standard for SPC, JEP 19. The 
purpose of JEP 19 is to define a basic program needed to 
improve quality, reliability and service by reducing process 
variability. TSC has along history of using SPC techniques and 
will implement the total program to comply with JEP 19. 


Formal use of SPC techniques at TSC dates from 1980- 


1981 when Dr. Edward Deming was hired as a consultant to 


develop such a program at TSC. As a result of Dr. Deming's 
work, TSC conducted formal training to all employees in SPC 
techniques, and SPC tools were implemented in a number of 
critical process points. Teledyne Semiconductor continues to 
use SPC tools in an ongoing effort to improve product reliability. 
TSC will continue to be one of the leaders among US semicon- 
ductor manufacturers in the use of SPC. 


PRODUCT ASSURANCE PROGRAM 


Electro Static Discharge Awareness isincreasingamong the semiconductor indus- 

(ESD) try and its customers of the damage that Electro Static Dis- 
charge (ESD) can cause to systems and components. At TSC, 
a three part program has been implemented to prevent ESD 
damage to the devices. This program consists of on-chip ESD 
protection circuits, in-house ESD handling procedures, and 
ongoing customer education efforts. The goalis to provide TSC 
customers with devices that are free of ESD damage, and that 
will remain free of static damage. 


TSC's ESD program is designed to make devices less sen- 
sitive to ESD and to prevent ESD from reaching the devices. It 
is the policy of TSC that all new devices are designed to 
withstand +2000V ESD. Circuits are designed into each TSC 
device that meets this requirement, creating CMOS devices 
that are more "rugged" and less ESD sensitive. TSC has in 
place a program that employs standard industry ESD protective 
handling, packaging, and shipping procedures. These pro- 
grams are designed to reduce or eliminate ESD from the 
environment. TSC also takes steps to inform customers that 
static handling precautions are necessary, and to educate 
customers about standard ESD handling procedures. These 
steps together insure a product that should reach the 
customer's application free of any static damage. 


Operating Life Testing Teledyne Semiconductor conducts an ongoing program to 

and Predictions determine Device Failure rates, to evaluate device life, and to 
predict operation life. The two primary elements of the program 
are stress testing under elevated temperature, and elevated 
temperature with elevated humidity. 
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Figure 1. 
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STANDARD 
HERMETIC PRODUCT 
CERDIP OR CERAMIC 


Traceability to Wafer Fab 
Internal Visual 
Method 2010, Condition B4 
Temperature Cycle 
Method 1010, Condition C 
Constant Acceleration 
Method 2001, Condition E 
Hermeticity 
Fine & Gross, Method 1014 


Final Electrical 
per Applicable Device Specification 
DC @ Max. Operating Temperature 
DC @ Min. Operating Temperature 
Switching @ 25 C 


Quality Conformance Inspection 
Method 5005, Group A: Table |, 
Each Lot 
per Applicable Device Specification 
Group B = Each Date Code 
Group C = 12 Months 
Group D = 12 Months 


External Visual 
Method 2009 
Device Marketing 
Teledyne Logo 


ESD Designator 
Date Code 


PROCESS FLOWS 


883 
PER MIL-STD-883 
REV. C, CLASS B 
SCREENING PER METHOD 5004 
(‘COMPLIANT NON-JAN’) 


Traceability to Wafer Fab 
Internal Visual 
Method 2010, Condition B 
Temperature Cycle 
Method 1010, Condition C 
Constant Acceleration 
Method 2001, Condition E 
Hermeticity 
Fine & Gross, Method 1014 


Initial (Pre-Burn-In) Electrical 
per Applicable Device Specification 


Burn-in Test 
Method 1015, Condition A, B or C 


interium (Post-Burn-in) Electrical 
per Applicable Device Specification 


(Percent Defective (PDA) 5%, unless 
Otherwise Specified) 


Final Electrical 
per Applicable Device Specification 
DC @ Max. Operating Temperature 
DC @ Min. Operating Temperature 
Switching @ 25 C 


Device Marking 
Part No “C"(Shows Compliance) 
Teledyne Logo Country of Origin 


ESD Designator 11). -Hona K 
Date Code (U-USA, H-Hong Kong) 


Quality Conference Inspection 
Method 5005, Group A: Table 1, 
Each Lot 


per Applicable Device Specification 
Group B = Each Date Code 
Group C = 12 Months 
Group D = 12 Months 


External Visual 
Method 2009 
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| Quality Conformance Inspection 
per Applicable Device Specification 


902 
(Available for HINIL ONLY) 
(‘Non-Compliant-Non-Jan’) 


Internal Visual 
Method 2010, Condition B 
Stabilization Bake 
Method 1008, Condition C 
Temperature Cycle 
Method 1010, Condition C 
Constant Acceleration 
Method 2001, Condition E 


Initial (Pre-Burn-In) Electrical 
per Applicable Device Specification 


Burn-in Test 
Method 1015, Condition A, B or C 


Interium (Post-Burn-In) Electrical 
per Applicable Device Specification 
2 


(Percent Defective (PDA) 10%, unless 
Otherwise Specified) 


Final Electrical 
per Applicable Device Specification 
DC @ Max. Operating Temperature 
DC @ Min. Operating Temperature 
Switching @ 25 C 


Device Marking 
Teledyne Logo 
ESD Designator 
(Device Type) 902 

Date Code 


Hermeticity 
Fine & Gross, Method 1014 
External Visual 


Generic Data 
Group B = Each Date Code 
Group C = 12 Months 
Group D = 12 Months 


PRODUCT ASSURANCE PROGRAM __ 


Integrated Circuit Screening 


~ PLASTIC PACKAGE 


| STANDARD | 
"Pre Cap Visual 1 . | *Pre Cap Visual 2 


Stabilization Bake . 
Temp = 150°C 
Time = 48 hrs 


' Stabilization Bake 
Temp = 150°C 
Time = 96 hrs 


Sample 
Temperature Cycling 
10 Cycles 
-65°C to +150°C 
LTPD 


Sample 
Temperature Cycling 
10 Cycles 
-65°C to +150°C 
10% LTPD 


Pressure Cooker 
Test 
4 Hours, 2 ATMOS 
10% LTPD 


Pressure Cooker 
Test 
4 Hours, 2 ATMOS 
10% LTPD 


| Electrical Test 


Electrical Test 


Burn in 160 HRS. 
. AT 125°C 


Electrical T est 


QA Acceptance Tests 


QA Acceptance Tests 


“1, TE-AYG-00732 (TSC Spec) 
2. MIL-STD-883, Method 2010 


QUALITY & RELIABILITY 


Quality Control The Quality Control function handles continuous monitor- 
ing of production, from incoming inspection of raw materials to 
wafer and assembly processing. Figure 1. illustrates the 
Quality Control role at various steps of the production process. 
Documentation, Calibration, and Environmental processing 
are all under the surveillance of Quality Control. 


The four major areas of Quality Control are: 


Incoming Inspection 
In-process Control 
Operation Surveillance 
Vendor Qualification 


After devices are subjected to 100% testing in manufactur- 
ing, they are formed into lots and submitted to Quality Control 
acceptance testing. Three types of tests are performed onthe 
samples: Visual/Mechanical, Parametric, and Functional. The 
sampling is based on a plan equivalent to a 0.07 AQL with a 
0.5% AOQL. (All TSC sample plans are in accordance with 
MIL-M-38510 appendix B or MIL-HDB-105D.) Testing is done 
at room and elevated temperature. Lower temperature testing 
is performed when required by the specification, or whena 
potential problem is known to exist. 


Quality Assurance | The Quality Assurance function is responsible for the im- 
plementation and planning of the Quality/Product Assurance 
programs. This department is staffed with Quality Engineering 
and Quality Management professionals. It is the Quality 
Assurance department which works as an interface between 
various departments of the company and the Quality Control 
activities. Basic Quality Assurance Principles are implemented 
throughout the company and production process. The ultimate 
purpose of such activities is a better product for the customer. 
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QUALITY & RELIABILITY | 


Quality Conformance 


Table 1 Plastic 
Test 

Physical Dimension 

Salt Atmosphere 

Solderability 

Pressure Cooker 

85/85° C RH (Bias) 


Steady State Life 
Storage 
Thermal Shock 


Temperature Cycle 


_ Mil-Std/Test 


Condition 
883/2010 
883/1009/A 
883/2003 _ | 
96 Hours. 
1.0K Hours 


TA = 125°C 
t= 1000 Hours 


TS = 150°C 


t = 1000 Hours 


-55°C to +125°C 
200 cycle 


-65°C to +150°C 
1000 cycle 


- Apart of the TSC Quality Reliability program is to assure that 
all product lines offered meet industry accepted standards. 


This is done by a periodic submission of product to a confor- 
-mance test program to collect generic data. Alltests are done 
in accordance with MIL-STD 883C where applicable. (See 
_ pages 3-7/3-8). Test listings and results from submissions for 


a plastic encapsulated device and.a CerDIP hermetic sealed 
device are presented in Table 1 and Table 2. 


- Sample Size Quantity In Quantity Out 
S/S = 15 15 15 
S/S = 22 - 15 15 
S/S = 45 " = 
S/S=45 4502 45 
S/S = 15 15 15 
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Summary Plastics 


Port | Data C Power C Port A Total 
Physical Dimensions 0/45 0/60 0/30 0/15 0/150 | 
Salt Athmosphere 0/45 0/60 0/30 0/15 0/150 
Storage 0/35 0/180 0/90 0/45 0/450000 
Steady State Life 0135  —o/t80——(ité‘«‘iSC*C<C«*‘«i SSC<i«‘«‘ASO 
ThermShock -«o45s—(tsé‘éés COO!!}!}O€UCOOUCO~O~*~*~*#*«S SSC*<“‘«*‘«‘a BOS 
Temp Cycle 0/45 0/60 6/30 0/15 6/30000 


Table 2 CerDIP 


Conformance Tests Method Test Condition LTPD 
GROUP B 
SUBGROUP 2 
Resistance to Solvents 2015 7 4 Devices 
SUBGROUP 3 
Solderability 2022 or 2003 : 15_ 
SUBGROUP 5 
Bond Strength 2011 Test Condition C or D 15 
GROUP C 
SUBGROUP 1 
Steady State Life Test 1005 1000 Hours at 125°C : 


Electrical End Points 
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Table 2 CerDIP (Cont.) 


Conformance Tests - 


GROUP D 


SUBGROUP 1 
Physical Dimensions 


SUBGROUP 2 
Lead Integrity 
Seal 
Fine — 
Gross — 


SUBGROUP 3 
Thermal Shock 
Temperature Cycling 
Moisture Resistance 
Seal 

Fine 

Gross 
Visual Eximination 
Electrical End Points 


SUBGROUP 4 
Mechanical Shock 
Vibration Variable Frequency 
Constant Acceleration 
Seal | 
Fine 
Gross 
Visual Examination. 
Electrical End Points 


SUBGROUP 5 
Salt Atmosphere 
Seal 

Fine 

Gross 
Visual Examination 


SUBGROUP 6 


Internal Water-Vapor Content. - 


SUBGROUP 7 
' Adhesion of Lead Finish 


SUBGROUP 8 
Lid Torque 


Method 


2016 
2004 


1014 


1011 
1010 
1004 
1014 


2002 
— 2007 
2001 
1014 


1010 or 1011 
1009 
1014 
io 

— 1018 


2025 


2024 


Test Condition __ 


-Test Condition B2 


Test Condition B, 15 Cycles 


Test Condition C, 100 Cycles 


Test Condition B 
Test Condition A 
Test Condition E, Y1 only 


Test Condition A 


5,000 PPM-CerDIP only 


LTPD 


415 


re 


15 


15 


15 


_ 3 Devices 


15 


5 Devices © 


QUALITY & RELIABILITY 


Operating Life Predictions - CerDIP 


Product Miron Predicted Failure Predicted Failure 
Life Hours @ Rate @ 125°C Rate @ 25°C 
125°C Rejection 90% Conf. 60% Conf. 90% Conf. 60% Conf. 

Portable Inst 90000 0 .000025 .00001 1/0 FIT 46 FIT 
Data Conversion 100000 0 000012 0000048 56 FIT 22 FIT 
Power Control 315000 0 .0000072 .0000027 35 FIT 13 FIT 
Precision Analog 315000 0 .0000072 .0000027 35 FIT 13 FIT 
HINIL 315000 0 .0000072 .0000027 140 FIT 56 FIT 


Operating Life Predictions - Plastic 


Total 
Predicted Failure Predicted Fallure 

rogue! tee Rate @ 125°C Rate @ 25°C 

125°C Rejection 90%Conf. 60%Conf. 90%Conf. 60% Conf. 
Portable Inst 
7107 CSQ 45000 0 .00005 .00002 20 FIT 5 FIT 
7126 CPL 45000 0 .00005 .00002 20 FIT 5 FIT 
7107 CPL 45000 0 .00005 .00002 20 FIT 5 FIT 
Total 135000 0 .000017 .0000065 6.8 FIT 2.6 FIT 
Data Conversion 
7135 CPI 45000 0 .00005 .00002 20 FIT 5 FIT 
8704 CJ 45000 0 .00005 .00002 20 FIT 5 FIT 
14433 CJ 45000 0 .00005 .00002 20 FIT 5 FIT 
9400 CJ 45000 0 .00005 .00002 20 FIT 5 FIT 
Total 180000 0 .000013 .000005 5 FIT 2 FIT 
Power Control 
428 CPA 44500 1 .000085 .000042 34 FIT 17 FIT 
427 CPA 45000 0 .00005 .00002 20 FIT 5 FIT 
Total 90000 1 .000042 .000024 17 FIT 9 FIT 
Precision Analog 
900 45000 0 .00005 .00002 20 FIT 5 FIT 
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Summary Data - Package Groups 


Port Data Power Precision Hi 


Total 


0/197 


0/210. 


Test | Method Condition LTPD Inst Conv Contrl Analog Nil 
GROUP D | | | 
SUBGROUP 1 _ ge uy BE 
Physical Dimensions 9016 | | . 

| | Total =0/45 0/30 0/77 0/15 0/30 
SUBGROUP 2 | 15 
Lead Integrity 2004 B2 
Fine/Gross Leak 1014 A ; 

| Total 0/45 0/30 0/90 0/15 0/30 

SUBGROUP 3 | a 15 
Thermal Shock 1011. Bi5Cycles | 
Temperature Cycle 1010 C100 Cycles 
Moisture Resistance 1004 | 
Fine/Gross Leak 1014 
Visual Examination 1004/1010 


Electrical Endpoints 


a | ‘Total 0/30 0/30 0/90 0/15 0/30 
SUBGROUP4 as 
Mechanical Shock — 2002 =B 
Vibration Var. Frequency 2007 A 


Constant Acceleration 2001 E Y1 only 
Fine/Gross Leak — 1014 
Visual Examination 1004/1010 — 
Electrical Endpoints | | | 
| Total 0/45 0/30 0/90 0/15 0/30 
SUBGROUP 5 eo | 15 
Salt Atmosphere . 1009 | A 
Fine/Gross Leak | | 
Visual Examination 1009 Vis. Criteria | | | 
| Total 0/45 0/380 0/90 0/15 0/30 
SUBGROUP 6 5/1 or 3/0 
Internal Water-Vapor 1018 5000ppm _ 
| | _ Total 1/11 2/5 0/14 0/3 0/6 
SUBGROUP 7 | 15 
Adhesion of Lead Finish 2025 _ | 
| | Total 0/45 0/30 0/79 O/15 0/30 
SUBGROUP 8 : 5/0 
Lid Torque 2024 Glass Frit — 
Seal Only 


Total 0/6 O/F O/15 5/15 O/5 


0/195 


0/210 — 


0/210 


3/39 


0/199 — 


— 6/45 
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Summary Data - Die Groups 


Port Data Power Precision HI 


Test Method Condition LTPD Inst Conv Contril Analog Nil CMOS Total 
GROUP C 
SUBGROUP 1 1005 TA=125°C 5 
Steady State # Hours = 
Life Test 1000 (or 
equivalent) 


Electrical Endpoints 
Total 0/90 0/100 0/315 0/315 0/315 0/45 0/1215 


SUBGROUP 2 15 
Temperature Cycling 1010 C 
Constant Acceleration 2001 E Y1only 


Fine Leak 1014 

Gross Leak 1014 

Visual Examination 1010/ 
1011 


Electrical Endpoints 
, Total 0/60 0/60 0/105 0/105 0/105 0/15 0/435 


QUALITY & RELIABILITY 


- Stress Testing Under 
Elevated Temperature 


Device reliability is often measured by failure rate under 
high temperature operating condition. Fromthe results of this 


_testing, operating life predictions are made based on tem- 
_. perature acceleration factors. The acceleration factor for’. 


failure measurements in semiconductor devices are deter- 
mined from the Arrhenius Reaction Rate equation: | 


R(T) = exp E/k (1. 1 ) 
Tn 7, 
E = Activation energy (eV) 
k = Boltzman's constant (8.63 X 10-5 eV/°k) 
qT, = Test temperature (Kelvin) 
qT, = Desired temperature (Kelvin) 


The U.S. Mil-Handbook-217 presents acceleration fac- 


- tors based on the above equation for various device and 


package types. TSC uses these acceleration factors for all 
operating life predictions presented in this paper. Data is 
reported in failure rate per hour of operating life or as Failures 
in Time (FIT). One FIT is one failure per one billion device 
hours of operation. 
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QUALITY & RELIABILITY 


Figure 2. illustrates expected failure rate per 1000 hours of 
operating time over a temperature range from 25°C to 175°C. 
This graph is for TSC CMOS integrated circuits. The datawas 
derived from results of Dynamic high temperature stress test- 
ing at 125°C and 150°C. 


A major indicator of the reliability of plastic encapsulated 
devices (commercial class) is the ability to withstand tempera- 
ture and humidity combined. Elevated temperature and humid- 
ity testing is routinely performed by TSC to evaluate the affect 
of these conditions on device reliability. Tne Semiconductor 
Industry Standard of 85°C and 85% relative humidity is used. 
Teledyne Semiconductor has a policy of using proven state-of- 
the-art molding compounds in its assembly process. Figure 3. 
illustrates the improvement this has made in TSC device 
reliability as measured by the 85/85 test. TSC's current 
molding compound has survived up to 3000 hours of the 85/85 
stress test. 


EXPECTED FAILURE RATE 
100 


25. 50 15 100 125 150 8 175 
OPERATING TEMPERATURE (°C) 


Figure 2. 
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> 85/85 CUMULATIVE FAILURES | 


100 — 600  ~—— 1000 1500 2000 2500 3000 


Figure 3. 


MEAN TIME BETWEEN FAILURES AT 85/85 
FOR VARIOUS PACKAGING COMPOUNDS 


MOLDING COMPOUND MEAN TIME BETWEEN FAILURES 


COMPAUND A ~ 18000 HOURS 
COMPOUND B 62000 HOURS 


COMPOUND C NO FAILURES RECORDED AT 50,000 HOURS 


TOTAL DEVICE TEST HOURS > 400,000 HOURS 
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Section 4 
Ordering Information 
Package Drawings EI 


Ordering Information 


PRODUCT STATUS 


Three Classes of Data Sheets are Shown in this Data Book. These are identified by the Presence or Absence of a 
“Banner” on the First Page. 


DATA SHEET IDENTIFICATION PRODUCT STATUS COMMENTS 


No Identification Production Delivery Subject to Product 
Demand. 
Preliminary Initial Production Data Sheet Electrical Limits 


Established. Limited Production 
Quantities Available, Samples 


Available. 
Advance Product In Design Data Sheet Gives Design Goal, 
information Electrical Specifications and 


Major Product Features. Contact 
Teledyne Marketing for Samples 
and Information. 


Note: Teledyne Semiconductor Reserves the Right to Make Changes at Any Time Without Notice in Order to 
Improve Performance and Supply. 


CMOS ICs (Except 87XX/94XX/14433 Products) 


The Device Identification Codes for All Other Products and All Products in 60-Pin Flat Packages are as 


Follows: 
PACKAGED DEVICES TSC XXXXXX X X X X / XXX 
1. TELEDYNE SEMICONDUCTOR DEVICE 
2. DEVICE NUMBER 
3. ELECTRICAL PERFORMANCE GRADE OPTION (if applicable) 

R — Reversed Pin Layout 
4. OPERATING TEMPERATURE RANGE 

M — Military Temperature Range (-55°C to 125°C) 

I* — Industrial Temperature Range (-25°C to +85°C) 

C — Commercial Temperature Range (0°C to +70°C) 

E — Extended Industrial Temperature Range (-40°C to +85°C) 

* — May Be -40°C to +85°C. Refer to Specific Device Specification 
5. PACKAGE TYPE 

J — CerDIP Dual-in-Line (non side brazed) O — Plastic “SO” Surface Mount 

P — Plastic Dual-in Line L — Plastic Leaded Chip Carrier (PLCC) 

T — TO — 99 Type (round metal can) K — Plastic Gullwing Quad Flat Package 

B — Plastic Flat Package (formed leads) N -— Ceramic Leadless Chip Carrier (LCC) 

S — Plastic Flat Package (unformed (straight) leads) 

R —TO— 52 (Metal Can) Y — Dice 
6. NUMBER OF PACKAGE PINS V — 8 Pin Metal Can 

A —8 N —18 Y —8 (pin 4 connected to case) 

D,.F— 14 G — 24. Q — 60 

E —16 1 — 28 W — 44 

L — 40 S — 68 
M — 2 P — 20 
V —8 (pin 8 connected to case) 

7. PROCESSING OPTION 7 


883— MIL-STD-883C, Class B Processing 
BI! — 100% Burn-in at 125°C for 160 Hours 


Ordering Information 


DIGITAL LoGic — 300 SERIES | ne ae oe ae 
PACKAGED DEVICES : ect 7 TSE XXX X_X 
1. TELEDYNE SEMICONDUCTOR DEVICE | sete, “AP 


2. DEVICE NUMBER 


3. ELECTRICAL GRADE AND TEMPERATURE RANGE . 
A — Industrial Temperature Range, 15V, (-30 to +70) 
B — Military Temperature Range, 12V, (-55 to +125°C) 
C — Industrial Temperature Range, 12V, (-30 to +85°C) 
M — Military Temperature ee 15V, (-55 to +125°C) 


4. PACKAGE TYPE = 
G — Metal Can (TO — 8) 
H — Flatpack | 
J — Plastic Package | 
L — Ceramic Package (CerDIP) 
Y — Dice 


EXAMPLE: 303AL Operates Over an industrial Temperature range at 15V and is a CerDIP Package’ 
The Device Identification Codes for Device Numbers of NSS 700) TSC9400 and TSC 14433 pearnily 
are as Follows: | 


PACKAGED DEVICES | TSC XXXXX X X X X 
re : ' ' . ' { 


1. TELEDYNE SEMICONDUCTOR DEVICE 
2. DEVICE NUMBER 
3. ELECTRICAL GRADE (if applicable) _ 


4. R — REVERSE LEAD CONFIGURATION mt applicable) 


5. OPERATING TEMPERATURE RANGE , 
C — Commercial Temperature Range (0 to 70°C) 
E — Extended Temperature Range (—40 to +85°C) 

_ B— Military Temperature Range (—55 to +125°C) 


6. PACKAGE TYPE 
J — Plastic Package 
N — Ceramic Package 
L — CerDIP 
Y — Dice 
E — Metal Can (TO—99) | 
M — Metal Can (TO—18) | 


EXAMPLE: TSC8701CL L Operates Over the Commercial Temperature Range and is a CerDIP Package _ 


PRODUCT STATUS © 


Three Classes of Data Sheets : are Shown in this Data Book. These are Identified by the prownts 
or Absence of a ’’Banner”’ on the First Page. : 


PACKAGE INFORMATION 


Package 1 
TO-18 (2-Pin) 


.500 
(12.70) 
MIN. 
.048 (1.22) 
.028 (0.71) 


| 100 
046 (1.17) 
036 (0.91) 
019 (0.48) pia. AY. 
45° 


.016 (0.41) 
BOTTOM VIEW 
210 (5.33) Package 2 
170 (4.32) TO-92 (2-Pin) 
| SS 
.205 (5.21) ‘AOE (2: 
.175 (4.45) 
ee — 
019 (0.48) pia 105 (2.67) 
.016 (0.41) 080 (2.03) 
-165 (4.19) 
125 (3.18 
BOTTOM VIEW 
0.185 (4.70) Package 3 
0.165 (4.19) TO-99 (8-Pin) 
<¢____»|~<40.500_» 
(12.70) 
0.335 (8.51) MIN | 
0.305 (7.75) <_ 0.040 0.100 (2.54) ~~ 0.045 (1.140) 
| (1.02) 0.029 (.737) 
rer MAX 
0.370 (9.40) 
0.335 (8.51) 0.200 (5.08) 


f L 8 LEADS 
—_— 


0.040 (1.02) —»> 0.019 (483) 
INSULATOR 0.016 (408) 
MAX 


PACKAGE INFORMATION 


Package 4 
8-Pin Plastic DIP 


.280 (7.11) 
-220 (5.59) 


SEATING 
PLANE 
.100 (2.54) .310 (7.87) 
MIN. .290 (7.37) 
.070 (1.78) | | .110 (2.79) 
> .015 (0.38) 
.030 (0.76) - hes .090 (2.29) “908 (0.20) 
.020 (0.51) 
.016 (0.41) 
Package 5_ 55 
8-Pin CerDIP ie = 
a. 
.245 Se OO ENAL 
OVERALE 
.085 
.200 ‘ | = .045 ss 
MAX. 
.020 
4 SEATING 
PLANE 
.011 
| .009 
.125 -400 
MIN. ‘OIG MAX." 
.020 
110 .016 
TYP ‘027 
STANDOFF 
WIDTH 
Package 6 
14-Pin Plastic DIP 
( .310 (7.874) 
.280 (7.112) 
.235 (5.969) 
(215 (5.461) 
.770 (19.558) MAX ——> 
ae 
.060 (1.524) - i 
; : Eft 
ce 100 (4, 064) | .015 (0.381) 
.100 (2.540) | .008 (0.2032) 
.400 (10.160) 
.330 (8,382) 


110 (2.794) _ .060 (1.524) 023 (.5842) 
.015 (.3810) 


(090 (2.286 | .045 (1.143) 


4-6 


PACKAGE INFORMATION 


Package 7 
14-Pin CerDIP 


SEATING 
PLAN& 
.165 


TYP STAN DOFF 
WITH 


: .375 
.095 nem 
.065 : 


Package 8 
16-Pin Plastic DIP 


| 030 325 
OVERALL 
200 
MAX 


Package 9 
16-Pin CerDIP 


325 
MAX —> 
OVERALL 
are 


I PLANE o11_, 
009 
000 [4 037° a 
> 


125 oe 400 | 
MIN_, 000 | 027 = om MAX 
STANDOFF 016 
WIDTH 
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Package 10 
18-Pin Plastic DIP 


0.91 (23.12) _ 
0.89 (22.61) 


0.14 (3.56) 
0. 8 (4. 58) Jy 0.12 (3.05) 
0.75 (4.45) | 
0.12 (3,05) axel Ness 16 


0.306 (7.78) 
0.294 (7.47) a | 


re | Pee eae lee i. 0.012 (0.305) 
ee 0.02 (0.508) 0.105 (2.67) 0.008 (0.203) 
0.045 (1.15) 0.015 (0.381) 0.095 (2.42) 
Package 11 : 
18-Pin Ceramic DIP a 
0.3 (7.62) 
0.28 (7.12) 
ae 0.91(2312). | 
0.89 (22.61) _{ 
4. .12 (3.05) 
0.17 (4.32) | .06 (1.53) 
MAX } | FP 
0.175 (4.45) 
0.125 (3.18) =<}. ees rid 
0.06 (1.53) 0.02 (0.508) 0.105 (2.67) 0.306 (7.78) 
0.045 (1.15) 0.015 (0.381) 0.095 (2.42) 0.234 (7.47) 
Package 12 


24-Pin Plastic DIP 
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PACKAGE IN 


1.290 MAX. 
520 .075 520 
—_——— | 
.150 aTTTTTTTIT max. 015 |-225 MAX. MAX. | 
015 
008 5 
| 
110 = | LT 070 .200 620 
7090 a 120 590 —| 
023 


014 


Wea NY 
36.83 (1.450) 
36.58 (1.440) 


|__.2.67 (.105) 


1.66 (.065) 508(.020) 
T.15 (.045) —-||_ 598 1.020) | |_2:67 (.108) 


FORMATION 


Package 13 
24-Pin Ceramic DIP 


Package 14 
24-Pin CerDIP 


Package 15 
28-Pin Plastic DIP 


13.97 (.550) 
13.47 (.530) 


____15.40 (. 606) 
~~ 75.09 (594) 


/__-305 (.012) 
~~7203 (.008) 


4.48 ( 175) 
05 (.120) 


05) 


2.42 (.095) 
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Package 16 
28-Pin Ceramic DIP 


15.19 (.598) 
14.43 (.568) 


z 


| 35.92 26.92 1414 414) | | 


35.06 (1.380) 
3.05 (.060) i : 
1.53(.120)  4.32(.170)[ | |] [| 
ae | MAX 
305 (.012) | | aT Tet eet 
-203 (.008) agian 508 (.020) 2.67 2.67 (108) { 
15.40 (.606) | 1.66 (. | 
a - ~~ ~~44.74 (.580) 71.15 (.045) he 381 (.015) +3 2.42 (.095) 
Package 17 
40-Pin Plastic DIP 
0.540 (13.716) 
NOM. 
-160 925 
060 (1.542) TYP. 
—1 |=" +.002 (0.051) ae poe 
_f 4 012 + .001 
5° (0.305 + 0,025) 
~ TYP, TYP. 
| | + Per .125 (3.17) }«— 9.660 
070 018 I - | tai eee 
(1.778)  .020 (0.508) 
TYP. TYP. : 
Package 18 2.020 (51.308) 
40-Pin Ceramic DIP patos MAX. | 


O20 13208) | 
SQUARE 0.165 (4.191) 9 920 (0.508) 0.006 (0.152) 


0.050 (1.27) MAX. 
yp At ie | 0.060 (1.524) 0.012 (0.305) 


| 0.600 
he ++ = he 0.125 (3.175) |+—(15.24) 
0.050 + 0.010 0.018 + 0.002 0.100 + 0.010 MIN. BE 
(1.27 + .254) (0.457 + 0.051) (2.54 .254) 
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le 


0.140 


1.290 (32.766) MAX —» 4.572) 
—_—— Z i poeenaeteeaeee tenes 
0.060 (1.524) (3.556) 


0.015 (0.381) 


rth 


I. 
0.200 (5.08) 


| 

| 
oe, Soe | 
0.015 (0.382) Ls 


j=s- | oi<— 


I 
0.110 (2.794):0.070 (1.778) 0.023 (0.584) 


0.090 (2.286) 0.030 (0.762) 0.015 (0.381)|*— 


0.180 MAX. 
0.140 MIN. 


0.040 
20 21 


foe | 
0.090 mbm MAX. L 0.590 _ 


0.480 


.610 
BENE i .590 "| 
ins 0.012 
0.008 


0.015 MIN. 


.054 + .004 


.047 + .004 


.050 + .006 


PACKAGE INFORMATION 


Package 19 
28-Pin CerDIP 


0.625 (15.875) 


0.590 (14.986) 


$$$» 
0.550 (13.970) 


0.510 (12.964) 


0.015 (0.381) || 


0.008 (0.203) | 
| 
0.700 (17.780) 
0.630 (16.002) 
Package 20 
40-Pin CerDIP 
Package 21 
60-Pin Flat Package 
Formed Leads 
Po 15° MAX 
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PACKAGE INFORMATION 


Package 22 _ 
60-Pin Flat Package 
Unformed Leads 


Package 23 
TO-18 (3-Pin) 


Package 24 
TO-92 (3-Pin) 


PIN 60 


PIN1TINDICATION | — 
DIMPLE OR BUTTON 


4412 


.500 
(12.70) 
MIN. 
.030 
(0.76) 
MAX. .048 (1.22) 
028 (0.71) 
— 
ae (2.54) 
an! 046 (1.17 
036 (0.91) 
3 LEADS 
.019 (0.48) py 
.016 (0.41) ae 
BOTTOM VIEW 
.210 (5.33) 
170 (4.32) 
oan 055 (1.40) 
ike 045 (1.14) 
} ENT 
.205 (5.21) . - .105 (2.67) 
175 (4.45) ——_ | .095 (2.41) 
; SRS | 
: er .105 (2.67) 
weer 080 (2.03) 


165 (4.19) __ 
.125 (3.78) 


BOTTOM VIEW 


PACKAGE INFORMATION 


Package 25 
8-Pin Plastic “SO” 


ot 
5.2 (0.205) 
| 4.6 (0.181) 


4.0 (0.158) 
3.8 (0.150) 


6.2 (0.244) 
5.8 (0.228) 


0.78 (0.031) 


0.37 (0.015) 7 (4PLCS) =. 77 (9,030) 
o> “\ 0.64 (0.025) 
1.75 (0.069) eat 


71.35 (0.053){ 
1.27 oso) | - e 2 | 


5.0 (0.197) 
4.8 (0.188) 


0.56 (0.022) : 
0.49 (0.019) 3 — 
BSC 0.22 (0.009) 7° (4 PLCS) 
0.45 (0.018) 0.20 (0.008) 0.19 (0.007) 
0.35 (0.014) 0.10 (0.004) 


Package 26 
14-Pin Plastic “SO” 


EF 


5.2 (0.205) 
4.6 (0.181) 


4.0 (0.158) 
3.8 (0.150) 


6.2 (0.244) 
5.8 (0.228) 


0.78 (0.031) 
8.75 (0.344) BEN0024) 45" 7° (4PLCS) 
8.55 (0.336) 0.37 (0.015) 
| BSC y, a\ 
|} 1.75 (0.069) : | 
{ 7.35 (0.053) | fF ae ae 
0.56 (0.022) he + t 
0.45 OTE 1.27 (0.050) | | | 6° 
BSC 0.20 (0.008) 0.22 (0.009) seta PLES) 
0.45 (0.018) 0.10 (0.004) 0.19 (0.007) 
0.35 (0.014) 
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PACKAGE INFORMATION 


Package 27 _ pitas 
4 7 . F 0,050 TYP 
68-Pin Plastic Chip Carrier oP be jat| NON-accuM 0.094 
(PLCC) DETAIL A 
0.990 
+0.005 
0.990 +0.005 
BOTTOM VIEW SIDE VIEW 
0,045 
: 0.035 R 
0.175 TYP [*— =" |" 1£0.010 
; PARRA RAR RAN 0.045" 7/7 p 
=e TI 0.062 DIA_+-Y EL 
L LJ * 0.020 DE CT) 
a CA) a G EP = 
ime ot = 
’ CJ 
a <T DETAIL A =< 
I ae —r 
2 = =a 
Cj i} zu. 
cr i = 
_ it, — 
a ] 
cr ri = 
Ss wo 
a OF: = 
T ia = 
CTHH HHH HH HH HH HHP LD) son 
0.125 DIA x 0,005 DEEP one be Ee 
4 PLCS (EJECTOR PIN) 0.172 
‘Package 28 
; a ; ; ; TOP VIEW 
44-Pin Plastic Chip Carrier Pees 
0.045 
(PLCC) 0.045 =*{ -NON-AccUM 0.094 
nooo DETAIL A 


ae 


0.690 


+0.005 9-652 


65 : 
0.690 +0.005 


SIDE VIEW 
BOTTOM VIEW = 
| : 0.045 0.035 R 
0.137 TYP = cone 
* (RH! 0.045 

ia rae 0.062 DIA 
TI TI x 0,020 DEEP - 
ae am 
AL J, 
pus me DETAIL A 

= Ly, 
IL a 0.610 
RAE aa 

me <) TI +0,015 

= amt 
ime Tr 

CHHHHHHHH HES | 

>| be 0.020 MIN 
0.125 DIA X 0.005 DEEP 0.104 
4 PLCS (EJECTOR PIN) 0.172 
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PACKAGE INFORMATION 


OB TEW Package 29 
28-Pin Plastic Chip Carrier 
0.050 TYP 
NON-ACCUM BeraGA (PLCC) 
0.490 09.452 
+0.005 
CJ LIC ty lL CI Co 0.015 
——+| 
0.452 
0.490 +0.005 
SIDE VIEW 
BOTTOM VIEW 0.045 0.035 R 
rm k= |" +0.010 
0.045 
0.062 DIA | 
X 0.020 DEEP ara 
+0.015 
DETAIL A 
—>| «0.020 MIN 
0.188 DIA X 0.005 DEEP 0.104 
(EJECTOR PIN) 0.172 
Package 30 
078 || pre song 44-Pin Flat Package 
543 + .008 . | mee (0.9 + 0.1) Formed Leads 
(13.8 + 0.2) - 


errs errr | 
— VV] 


.006 + .002 
(0.15 + 0.05) TYP 


.543 + .008 > 
(13.8 + 0.2) 


-394 + .008 . 
(10.0 + 0.2) 


_ jee 


TYP 


= — .031 + .006 NON- 
== = (0.8 + 0.15) ACCUMULATIVE 
on on — LL... TYP 
> N = _——— 
So so ESS a 
Pe; aH — —] 
ioe) oO —— = 
“4 ao = = | 
RS ee — 014 + .004 
— oo eons 
a i ——— 


aa (0.35 + 0.1) 
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PACKAGE INFORMATION 


Package 31 
16-Pin “SO” Wide 


(Package 32) 
- 20-Pin "SO" Wide 


PIN 1. 


.292 (7.390) 
.299 (7.959) 


= 1 916 (041) 


_ 029 (.762) TYP PR RAD MAX TYP 


i \ 6° 


J ob? (2.337) 
038 Uiminimimimimtt i 104 (2 842] 
044 J 
| —— _ T .400 (10.26) 
| 0.443 (10.490) soa ve ___go(r0.26) 


i (7.59) 
1292 (7.42) 
410 (10.41) 
.400 al 16) 
019 (0.48) 050 27) 
014 (0.36) 


ERNE ae ius 

oysoam UIA oe | ; 

pene ti... 511 ise ae he Ls 
504 (1260) pega at 
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Section 5 


Cross Reference Guide 


CMOS Data Acquisition Cross Reference 


All TSC Products Cross-Referenced Are Plug-in Replacements 


Part Number TSC Number Comments 

ADC-EK10B TSC8701CJ 

ADC-EK12B TSC8702CN 

ADC-EK12DC TSC8750CJ 

ADC-EK12DM TSC8750BN 

ADC-EK12DR TSC8750CN 

ADC-EK08B TSC8700CJ 

ADC-ET10BC TSC8704CJ 

ADC-ET10BM TSC8704BN 

ADC-ET10BR TSC8704CN 

ADC-ET12BC TSC8705CU 

ADC-ET12BM TSC8705BN 

ADC-ET12BR TSC8705CN 

ADC-ET8BC TSC8703CUJ 

ADC-ET8BM TSC8703BL 

ADC-ET8BR TSC8703CL 

CD22104AE TSC7211AIPL 

CD22105AE TSC7211AMIPL 

DS0026CJ-8 TSC4261JA Pin Compatible, Functional Upgrade 

DSO0026CN-8 TSC426CPA Pin Compatible, Functional Upgrade — 

DS0026J-8 TSC426MJA Pin Compatible, Functional Upgrade 

HLCD7211-2 TSC7211AIPL 

HLCD7211-4 TSC7211AMIPL 

ICL7106CJUL TSC7106CJL TSC7106ACPL Has Improved Reference Voltage 
ICL7106CPL TSC7106CPL ' TSC7106ACPL Offers Improved Reference Tempco 
ICL7106RCPL TSC7106RCPL TSC7106ARCPL Offers Improved Reference Tempco 
ICL7107CJUL TSC7107CJUL . TSC7107ACJL Offers Improved Reference Tempco 
ICL7107CPL TSC7107CPL TSC7107ACPL Offers improved Reference Tempco 
ICL7107RCPL TSC7107RCPL TSC7107ARCPL Offers Improved Reference Tempco 
ICL7109CPL TSC7109CPL Exact Replacement. TSC7109BCPL For Lower Cost 
ICL71091JL TSC71091JL 

ICL7109MJL TSC7109MJL 

ICL7116CJUL TSC7116CJUL TSC7116ACJL Offers Improved Reference Tempco 
ICL7116CPL TSC7116CPL TSC7116ACPL Offers Improved Reference Tempco 
1CL7117CJUL TSC7117CJL TSC7117ACJL Offers Improved Reference Tempco 
1CL7117CPL TSC7117CPL TSC7117ACPL Offers Improved Reference Tempco 


CMOS Data Acquisition Cross Reference 


Ali TSC Products Cross-Referenced Are Plug-in Replacements clad 


Part Number 
ICL7126CUL 
ICL7126CPL 
ICL7136CJL 
ICL7136CPL | 
ICL7650CPA 
ICL7650CPD 
ICL76501JA 
ICL76501JD 
ICL7660CPA 
ICL76601JA 
ICL7660MJA 
ICL8069CCZR 
ICL8069CMSQ 
ICL8069DCZR 


ICL8069DMSQ_ 


ICM7211AIPL 


ICM7211AMIPL 


ICM7212AlJL 
ICM7212AIPL. 


ICM7212AMIJL 
ICM7212AMIPL ~ 


MC14433L 
MC14433P 
MMHO0026CP1 
MMHO0026CU © 
MP5531C 
MP5532C 
REFO1CP 
REFO2CP 
TP4780 
TP4781 
VFQ-1C 
VFQ-1R — 


‘TSC Number 


- TSC7126CJL 


TSC7126CPL 


~ TSC7126CJL 
— TSC7126CPL 
_TSC7650CPA 
_TSC7650CPD 


TSC76501JA 
TSC76501UD 
TSC7660CPA 
TSC7660IJA 


-TSC7660MJA 
-TSC9491AJ 


TSC9491AM_ 
TSC9491BJ 


- TSC9491BM 


TSC7211AIPL 


~ TSC7211AMIPL 
TSC7212AlJL. 


TSC7212AIPL 
TSC7212AMIJL 


TSC7212AMIPL 


TSC14433CL 


_.TSC14433CJ 
— TSC426CPA 
 TSC426IJA 
_. TSC9495CU © 
. TSC9496CU 
-.. TSC9495CU 


TSC9495CJ 
TSC9400CJ 


TSC9401CU 
TSC9400CU 


Comments. _- | 

TSC7126ACUL Offers Improved Reterence aBnoce 
TSC7126ACPL Offers Improved Reference Tempco 
TSC7126CJUL and TSC7126ACUL Are Plug-in Replacements | 


- TSC7126CPL and TSC7126ACPL Are Plug-in pepieeoent 


TSC9OD0ACPA is a Low-Power Plug- -In Upgrade 
TSC900ACPD is a Low-Power Plug-In Upgrade 
TSC900AIJA is a Low-Power Plug-In Upgrade 
TSC900AIJD is a Low-Power Plug-In Upgrade 


TSC7O00AIJL is a Higher LED Current Upgrade for “Brighter” Displays 


- TSC7OOAIJL is a Higher LED Current Upgrade for “Brighter” Displays 


TSC700AMIJL is a Higher LED Current Upgrade for “Brighter” Displays 
TSC701AMIJL is a Higher LED Current Upgrade for “Brighter” Displays 
TSC14433ACL Offers Guaranteed Roll-Over Spec. 


_ TSC14433ACJ Offers Guaranteed Roll-Over Spec. 


Pin Compatible, Functional Upgrade 
Pin Compatible, Functional Upgrade 


_ TSC900CL 


Section 6 
Advance Product 
Information 


“9 TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSCO0C26 
DUAL SUPER-FAST MOSFET DRIVER 


FEATURES 


Pin for Pin Compatible with DS0026 and MMH0026 
Low Supply Current 

¢ 350 A with Logic 0 or Logic1 Input 
Latch-up Protected. Will Withstand 500 mA Reverse 
Output Curent 
Input Protected for Input Transients of up to 6 Volts 
Below the Input Rail. 
High Peak Output Current.............. +/-1.5 A Peak 
LOW Delay TIMG ais ec4 ewig gum ene ceewws 15 nS Max. 
Fast Rise and Fall Times........... 1000 pF in 20 nS 
Supply Voltage .3 iio sea reveved ee iaasas 4.5V to 18V 
Consistant Delay Times with Changes in V,, 
TTL/CMOS Compatible Input. No Speed-up Capacitors 
Needed | 
Logic Input Threshold Independent of Supply Voltage 
Output Voltage Swing to Within 25 mV of Ground or V,+ 


FUNCTIONAL DIAGRAM 


4 TSC00C26 


INVERTING 
OUTPUT 


NOTE: GROUND UNUSED DRIVER INPUT 


PRELIMINARY DESIGN INFORMATION 


# TSC00C26 


GENERAL DESCRIPTION  —™ _ Pin Configuration | 
The TSC00C26 is a CMOS version of the 
standard bipolar Clock Driver, DS0026 and 
MMH0026. This CMOS device requires much less 
current than the bipolar version, and can be driven 
directly with a CMOS or TTL level input. The> 
TSC00C26 also features speeds equivalent tothe: | - oe INVERTING 
DS0026. fine fo 


Absolute Maximum Ratings 


V* -V’ Differential Voltage ................ 18V 
Input Current... 0... 0... 0.0 eee eee 1.0pA dat "oh 
INDUL VOIAQC = cians ides tawreawat ener iy DOV Ordering Information — ew td 
Peak Output Current.......... Casueeek leer. * _ Temp. 
Maximum Power Dissipation @ 25°C | Part No. Package . . Range 
CerDiP Package Ss .cccuwtiien TIOOMIW “Sa ee ote aa. enue, 
Molded Package............- iozomw, J oebbeeeC A. ee ee 
Operating Temperature Range TSCOOC26NA 8-pin CerDIP -25°C to 85°C 
TSCOOC26C ... 2... eee. 0°C to 70°C 
ariel | : erele J - | -55°C 5°C 
TSCOOC2El oud encuacs egestas 
TSCO0C26M........... -55°C to 125°C TSCOOC26MJA/883 _ 8-pin CerDIP -55°C to 125°C 
Storage Temperature.......... -65°C to 150°C 
Lead Temperature (Soldering, 10 Sec.) ... 300°C BORE: ae ltd 
Electrical Characteristics (T, = 25°C) a | 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
Vin Logic "1" V,,, V=0V - 2 1.5 V 
Ins Logic "1" 1, Viy-W = 2.4V - 0.3 1.0 A 
Vie Logic "0" V,,, V =0V 5 0.6 0.4 V 
At Logic "0" |, Viy-W = 0V - -0.3 —-1.0 pA 
Vo Logic "0" Vour Vy -Ve = 2.4V . Ve7 Wei V 
Vieu Logic "0" Vour Vy -W = 0.4V, Vag2 V4 4+1.0V Vt 1 V4.7 - V 
locon) "ON" Supply Current V* -V’ = 18V, Vi -V = 2.4V : 3.5 5 mA 
(One Side On) 
locorRh "Off" Supply Current V* -V- = 18V @ 70°C : - 500 mA 
Viy-W = OV @ 125°C 1000 mA 
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| (ma) 


DUAL SUPER-FAST MOSFET DRIVER 


Switching Characteristics (T, = 25°C) 
SYMBOL PARAMETER 


ton 


250 


200 


150 


100 


50 


0.5 


Turn-on Delay 


Turn-off Delay 


Rise Time 


Fall Time 


1.9 


CONDITIONS 

(Figure 1) 

(Figure 2) 

(Figure 1) 

(Figure 2) 

(Figure 1) C, = 500pF 
(Figure 2) C, = 1000pF 
(Figure 1) C, = 500pF 
(Figure 2) C, = 1000pF 
(Figure 1) C, = 500pF 
(Figure 2) C, = 1000pF 
(Figure 1) C, = 500pF 
(Figure 2) C, = 1000pF 


Supply Current vs. Frequency 


3.2 


DS0026 
TSC0026 
4.6 5.9 
FREQ (MHz) 


MIN 


7.3 


TSCO00C26 


MAX UNIT 

12 ns 

- ns 
15 ns 

- ns 
15 ns 
25 ns 
35 nS 
40 ns 
15 nS 
25 nS 
35 nS 
40 ns 


LOAD = 1000pf 


8.6 10.0 


PRELIMINARY DESIGN INFORMATION | 


TSCO00C26 


_ Supply Current vs. Frequency 


DS0026 


TSC0026 


LOAD = 2200pf 


0.5 1.9 3.2 4.6 5.9 7.3 8.6 10.0 
FREQ (MHz) 


“TELEDYNE | 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC112 


TSCT13 
CURRENT MODE MAG-AMP CONTROLLER 


FEATURES 


Current Mode Control 

Excellent Response to Dynamic Load Variation 
2.5 V Voltage Reference 

Foldback Internally Set 

Adjustable Over Current Time Out 

Internal Fault Timer 

Remote On/Off Pin (TSC113) 

TTL Compatible Fault Shutdown Output Signal 
(TSC112) 


1.56V 


>a AMP 


SUMMING AMP 


m 
> 
9) 
12) 
= 
a) 


Cc 
= 


iz 


CURRENT AMP 


{+ 


START 
TRESET]| TIMER LATC 
COMP 


1.56V 


FOLDBACK AMP 
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FAULT 
/SHUT 


CEXT Ea 


GND 


CURRENT MODE MAG-AMP CONTROLLER 


TSC112 
TSC113 


GENERAL DESCRIPTION 


The TSC112/113 are monolithic CMOS ICs 
designed for use as Mag-Amp Controllers in second- 
aries of switch mode or resonant mode power supplies. 
They are the first Current Mode Mag-Amp Control ICs. 


Current-Mode control has a number of important 


benefits for Mag-Amps. Among these benefits are 
simpler hardware design to close the control loop, 
faster transient response, and the ability to parallel we 
a single-wire. 

The T$C112/113 come ina 16-pin DIP or SOIC 
and has Remote On/Off or Fault signal, Fault Timer, 
and no internal foldback resistors. These devices are 
fabricated on CMOS for low power consumption. They 
will operate with supply voltages as low as 3.0 V and 
draw only 400 wA. Special processing techniques have 
virtually eliminated CMOS latch-up. 

The timer in the TSC112/113 allows the Mag- 
Amp to source peak current for any period from 0.5 to 
50 seconds, set by a single resistor. After the time out 
period a latch is set which shuts the output down. The 
latch can only be reset by recycling the power to the 
device. 


~The TSC112/113 includes a precision 1% 2.5 V 
voltage reference with a 100 ppm tempco and an error 
amplifier that has. the negative rail as a part of the 
common mode ‘range. 

— The TSC112/113 has the terminals of all three 
amplifiers available for external compensation. A Fault 
Shutdown Signal (TSC 112) or Remote On/Off (TSC113) 
pin is available. On the TSC 113 this pin is the COMmpAINOr 
reference for the timing function. 

The TSC112/113 are designed with the ability 
to parallel Mag-Amps for increased power capability 
and/or N+1 redundant applications. 


Advance Product Intormation 
DISPLAY A/D CONVERTERS 


2 1/2 Digit Direct Display Drive TSC806/TSC807 
Analog-to-Digital Converters 


General Description: Features: 

The TSC806/TSC807 are low power CUOS ¢ Ideal for Medium Resolution Measurement 
analog-to-digital converters which provide on-chip Systems - 
drivers for a 2 1/2 digit display. The TSC806 drives —pH, Pressure, Temperature, etc. 


an LCD display, while the TSC807 provides 8 mA of ¢ 2 1/2 Digit Display (199 Counts, Max.) 
drive current per segment to an LED display. The low ¢ Drive LCD or LED Displays Directly 


power dissipation of the TSC806 makes it ideal for * Guaranteed Zero Reading with Zero Input 

battery operated systems. All of the active ¢ True Polarity at Zero for Precise Null Detection 

components required to construct a measurement ¢ 1pA Input Current 

system with 0.5% resolution are provided by the ¢ Linearity Error Less Than One Count 

TSC806/TSC807. Only a display, four resistors, and ¢ Low Drift Internal Voltage Reference 

four Capacitors are requiredto complete the system. «-_—_— cw eee eer eee teen cece a aeees 50 ppm/ °C Drift 
¢ Low Power Operation.............06. 10 mW 


"~~ 


TSC806 
TSC807 
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Notes 


ENGINEER: ____ DEPT: ___. 
PROJECT: DATE: 


DESCRIPTION ___ 
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Advance Product Information 
DISPLAY A/D CONVERTERS 


3 3/4 Digit A/D Converter 
with Frequency Counter 


General Description: 


The TSC820 is a low power CMOS measurement 
system IC which includes both a 3 3/4 digit analog to 
digital converter and a frequency counter function. 
To further enhance functionally, two logic inputs are 
provided which drive LCD annunciators for high and 
low logic input levels. A peak hold input permits the 
highest A/D or frequency reading to be held and 
displayed automatically Other features include a 
piezoelectric transducer driver, decimal point select 
inputs, and a low-battery detection/LCD annunciator 
driver circuit. The TSC820 includes on-chip drivers 
for a triplexed LCD display, and operates froma 
single 9 V battery. Package options include 40-pin 
DIP and 44-lead PLCC and compact flat packages. 
The 44-pin packages also include a hold input and 
underrange/overrange outputs. 


AID ~ 
CONVERTER 


FREQUENCY Z A/D 


INPUT © COUNTER 


i DISPLAY 
FORMAT 


LOGIC LEVEL © 
INPUTS 


VOLTAGE 
REFERENCE ; 
Veer 


| 9V 


TSC820 


Features: 


¢ 3 3/4 Digit (3999 maximum) Resolution 

¢ Frequency Measurement Input, 2 MHz Max 

¢ Low-Noise Analog to Digital Converter 

¢ Differential Analog Signal Inputs 

¢ Low Analog Input Leakage .......... 1 pAtyp 

¢ Differential Reference Inputs 

« Low Temperature Drift Reference ... 35 ppm/ °C 

¢ Peak Reading Hold 

° Two Logic Level Inputs with Annuncliators 

¢ LCD Display with Triplexed Drive 

¢ On-chip Decimal Point Control Inputs 

« Low Battery Detect with LCD Annunciator 

¢ Plezo Buzzer Driver 

¢ Single 9 V Battery Operation 

¢ 40-pin DIP or 44-lead PLCC and Flat Package 

¢ 44-pin Package Versions Also Include: 
—Underrange and Overrange Outputs 
~Display Hold Input to "Freeze" Reading 


DPO 
DP1 


PEAK HOLD 
UNDERRANGE 
OVERRANGE 
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Notes © 


ENGINEER: ___ —— DEPT: —_ 
PROJECT: — DATE: 


DESCRIPTION _— 
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Acvance Product Iiniormation 
DISPLAY A/D CONVERTERS 


3 1/2 Digit A/D Converter TSC821 
with Frequency Counter 


General Description: Features: 

The TSC821 is a low power CMOS measurement ° 3 1/2 Digit (1999 maximum) Resolution 
system IC which includes both a 3 1/2 digit analog to ¢ Frequency Measurement Input, 2 MHz Max 
digital converter and a frequency counter function. * Low-Noise Analog to Digital Converter 
The A/D signal integrate time period can be divided ¢ Vino Input for Easy Range Change, 200 mV or 
by 10, which provides a 200 mV/2 V full scale 2 V Without External Component Change 
analog input capability without external component ¢ Differential Analog Signal Inputs 
changes. To further enhance functionally, two logic ¢ Low Analog Input Leakage .......... 1 pAtyp 
inputs are provided which drive LCD annunciators for ¢ Differential Reference Inputs 
high and low logic input levels. A peak hold input ¢ Low Temperature Drift Reference ... 35 ppm/ °C 
permits the highest A/D or frequency reading to be ¢ Peak Reading Hold 
held and displayed automatically ¢ Two Logic Level Inputs with Annunclators 

Other features include a piezoelectric transducer ¢ LCD Display with Triplexed Drive 
driver, decimal point select inputs, and a low-battery ¢ On-chip Decimal Point Control Inputs 
detection/LCD annunciator driver circuit. The ¢ Low Battery Detect with LCD Annunciator 
TSC820 includes on-chip drivers for a triplexed LCD ¢ Piezo Buzzer Driver 
display, and operates from a single 9 V battery. * Single 9 V Battery Operation 
Package options include 40-pin DIP and 44-lead ¢ 40-pin DIP or 44-lead PLCC and Flat Package 
PLCC and compact flat packages. The 44-pin ¢ 44-pin Package Versions Also Include: 
packages also include a hold input and —Underrange and Overrange Outputs 
underrange/overrange outputs. —Display Hold Input to "Freeze" Reading 


Bo foe Bo 


FREQUENCY 
INPUT © 


PEAK HOLD 
LOGIC LEVEL © DISPLAY TO LCD VOLTAGE 
UNDERRANGE 
INPUTS , eal FORMAT TO BUZZER REFERENCE g CONTROL OVERRANGE 


Veer 
| 7 QV Vinsto 


ame 


ENGINEER: cae 
PROJECT: ae 


DESCRIPTION __ 


614 


Acdvwance Product Initormaition 
DISPLAY A/D CONVERTERS 


3 3/4 Digit LCD Drive A/D Converter 


TSC822/TSC823 


with Low-Voltage Battery Operation 


General Description: 


The TSC822 is a 3 3/4 digit (3999 counts, 
maximum) analog to digital converter which is 
optimized for low voltage battery operation. An 
on-chip DC-to-DC converter permits the TSC822 to 
operate from two 1.5 V batteries. Drivers fora 
multiplexed LCD display are included. Added 
features include low battery detect, decimal point 
inputs, and a HOLD input. An on-chip op-amp can be 
used as an AC-DC converter. The TSC823 includes 
all of the above features, but provides resolution of 
3 1/2 digits (1999 Maximum). 


A/D 
CONVERTER 


+ 
OP-AMP 


: AC-DC NETWORK 2 


Features: 


¢ High Resolution - 
—3 3/4 Digit (3999 Maximum) Resolution, 
TSC822 
—3 1/2 Digit (1999 Maximum) Resolution, 
TSC823 
¢ Operates from Two 1.5 V Batteries 
¢ High Impedance Differential Inputs 
¢ Differential Reference 
¢ On-Chip Voltage Reference 
« LCD Display Drivers with Triplex Drive 
¢ On-Chip Decimal Point Drivers 
¢ Low Battery Detect and Display 
¢ Hold Input and Display 
e Op-Amp for AC-DC Converter 
¢ Crystal Oscillator 
¢ 40-Pin DIP or 44-pin Compact Flat Package 


TRIPLEXED LCD 
DISPLAY DRIVE 


TSC822 
TSC823 


DC-DC CONVERTER 


3V Slee 
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Aclvance Product Intormation 
DISPLAY A/D CONVERTERS 


Autoranging A/D Converter 
with Low-Voltage Battery Operation 


General Description: 


The TSC824 is an autoranging 3 3/4 digit (3999 
counts, maximum) analog to digital converter which 
is optimized for low voltage battery operation. An 
on-chip DC-to-DC converter permits the TSC824 to 
operate from two 1.5 V batteries. Input ranges are 
automatically selected for both voltage and 
resistance measurements. Drivers for a multiplexed 
LCD display are included, with automatic decimal 
point selection and a full range of display 
annunciators. Added features include low battery 
detect, HOLD input,and on-chip op-amp for AC-DC 
conversion. 

The TSC814 includes all of the above features, but 
provides resolution of 3 1/2 digits (1999 maximum). 


CONTINUITY 
RESISTOR "BUZZER" OUTPUT 
O 


NETWORK 


OHMS 
DIVIDER 
SWITCH 


| VOLTAGE REFERENCE | REFERENCE 


TSC824/814 


wal 


3 1/2  wereShATINS AO 
2 i ee ADC 


TSC824 (3 3/4) 
TSC814 (3 1/2) 


Features: 


¢ Operates from Two 1.5 V Batteries 

¢ 3 3/4 Digit (3999 Maximum) Resolution 

¢ Autorange Operation for Au & DC Voltage and 
Resistance Measurements—Two User-Selected 
AC/DC Current Ranges, 200 mA and 10A 

¢ 22 Operating Ranges 
—4 DC/AC Voltage 
—-9 Resistance 
~—Low Power Ohms 

¢ On-Chip Voltage Reference 

¢ Triplex LCD Display Drivers for Digits, Decimal 
Points, and Annunclators 

¢ Low Battery Detect and Display Annunciator 

¢ HOLD Input and Display Annuncliator 

¢ Op-Amp for AC-DC Converter 

¢ Continuity Detection and Piezoelectric 
Transducer Driver 

¢ Compact 60-pin Flat Package 


TRI-PLEX LCD DISPLAY 


AC -MEM (£~=) non pe 
-39399 ww 


DATA/ 
ee BACKPLANE 


CONTINUITY 
DETECTION & 
sala ORIVE 


TRI-PLEX LCD DISPLAY 
& BACKPLANE DRIVE 


SELECT 
seat LOGIC FUNCTION 
SELECT 


DC-DC CONVERTER 
LOW BATTERY 
DETECTION 


foe ag DC CONVERTER 


foe ag 


Functional Diagram 


Notes 
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“9 TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


Advance Product 
Intormation 


TSC829 


4 1/2 DIGIT ADC WITH LCD DRIVE 


GENERAL DESCRIPTION 


The CMOS TSC829 combines a precision 4 1/2 
digit ADC, and triplex LCD display drive circuit in a 
single low power CMOS chip. The TSC829 offers 
several functional enhancements over the first gener- 
ation ICL7129 converter. An audio frequency continuity 
buzzer signal is generated on-chip along with the 
continuity logic output signal. The TSC829 eliminates 
the external audio signal generator and piezoelectric 
driver needed in 7129 based systems. More compact 
and less costly systems result. The 60-pin flat package 
also allows the complicated dual function 7129 input/ 
output control pins to be replaced by easy to use single 
function pins. 

By using the UP/DOWN, SIGN, X10 and con- 
version count out logic signals the data can be trans- 
ferred to a microprocessor. 


4 1/2 Digit Converter Comparison 


GE/INTERSIL 
FUNCTION TSC829 ICL7129 
On-Chip 
Audio Frequency Continuity Yes No 


“Buzzer” Drive Signal 


Simple, Easy to Use Yes: Each No: Control Pins 
Decimal Point, Underrange, Control! Are Multiplexed 
Overrange, Latch and End Input/Output And Serve 
Of Conversion Function Has Dual Functions 
Input/Output Separate Pin 

Control Pins 


Compact 60-Pin Surface 


Mount Flat Package ae bis 


Access to Internal Data 
Count Registers for Yes No 
p-Processor Interface 


FEATURES 


@ Triplex LCD Display Drive On-Chip 

= Control Signals and Data Output for u-Processor 
Interface 

m Audio Frequency “Buzzer” Signal and Driver for 
Piezoelectric Continuity Transducer 

m On-Chip Low Battery Detector and LCD Annunciator 
Driver 

m On-Chip Continuity Detection and LCD Annunciator 
Driver 

m Easy to Use Single Function DP4, OR, UR, DP3, 
LATCH and EOC Input/Output Control Pins 

m 4 1/2 Digit Resolution 

m 10to 1 Digitally Controlled Full-Scale Range Selection 

m Simple 1 V Reference for 200 mV or 2 V Full-Scale 
Range 

mg 10 uV Resolution on 200 mV Full-Scale Range 


Pin Configuration 


COMMON 
{2 ] CONTINUITY 


+ 
ao 
ud 
«x 
=) 

83) 


1,C1 


82, C2, 


BI, C1, 
CONTINUITY 
LOW BATTERY 
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Advance 


Product Initormation 
POWER CONTROL 


Programmable Positive DC to DC Converter TSC965 
General Description Features 
The TSC965 is a monolithic CMOS programmable ¢ Three modes of operation: 

switched capacitor DC to DC converter. The —Unregulated Multiplication ....... 2X, 3X, 4X 
TSC965 provides a low parts count means to provide —Regulated Programmable ...... +7V to +18 V 
on-board conversion of logic level voltages to —Pin Selectable Regulated...... 412 Vor+15V 
7-21 V. The TSC965 is designed to convert positive ¢ Input voltage Range .......... +3 Vto +5.25V 
DC voltages and can be used in three different ways: * Output Current ...... cea nee niin 40mA 
as a preset +12 V or +15V regulated converter, a ¢ Low Standby Current .............. 5 pA Max. 
programmable regulated converter, or an ¢ Voltage Reference Accuracy ............ 1.5% 
unregulated voltage multiplier. © ESD Protected: oi eke cisin Sieeioa sy wnen +2 KV 


OSCILLATOR 


CURRENT 
LOW REF 
RESISTANCE 
SWITCHES 


DIGITAL 
LOGIC 


UNREGULATED 
OUTPUT 


LEVEL 
SHIFTERS 


Block Diagram 
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16 Pin Package 


REG. ENABLE 
OSC ENABLE 


Cosc (OPT.) 


Vout (REGULATED) 


ES: 
R 


2 


15V/12V SELECT 
Rint 


ENGINEER: —— 
PROJECT: aa 
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“TELEDYNE Advance Product 
SEMICONDUCTOR Information 
The Analog Signal Processing Company™ TS C3 5 C2 5 A 


TSC35C27A 
CMOS PWM CONTROLLERS 


FEATURES 
m High Voltage .................... 35 Volt Input 
m Low Power CMOS Construction 
m Low Supply Current .............. 2.0 mA Typ 
@ Latch-Up Immune ....... >500 mA on Outputs 
w Above and Below Rail Input Protection . . . 6 Volts 
m High Output Drive .............. 500 mA Peak 
m Fast Rise/Fall Time .......... 50 nS @ 1000pF 
m High Frequency Operation ........... 500 kHz 
m Clock Ramp Reset Current ....... 1 mA + 10% 
m UV Hysterisis Guaranteed 
mg Shutdown Pin Available 
m Double Ended 
= Soft Start 
m Low Prop Delay Current Amp 

IOS OUIDUN fae ns asec sie eek ae <350 nS Typ 
m= Low Prop Delay Shutdown 

10‘ OUIDUL 3. cs ceiver sce nlostaudies <400 nS Typ 


GENERAL DESCRIPTION 


The TSC35CXX family of PWM controllers are 
Pin-Out Diagram CMOS implementations of the industry standard voltage 
mode ICs. 

As well as offering power consumption 10 
times less than the industry standard the TSC35CXX 
family offers improved output drive, latch proof oper- 
ation, input protection 6 volts below the negative rail 
and improved propagation delay. 

Unlike first generation CMOS PWM ICs the 
35CXX family of devices can operate from two 
separate power supplies, one for the output stage and 
one for the control section. This allows “boot strap” 
operation of the IC. The CMOS output stage allows the 
DISCHARGE 10] SHUTDOWN output voltage swing to come within 25 mV of either rail. 
SOFT START [8] [9] COMPENSATION Other improved features are tightened hysterisis 
and UV start up points that a specified over temperature 
and low input bias currents on all inputs making these 
devices especially useful for high voltage supplies. An 
internal 35 volt zener diode on the input is available as a 
clamp for those applications where external clamps are 
not available. 


INV INPUT[1 | @ 
NI INPUT [2 | 
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Advance Product Intormation 


CMOS Current Mode 
SMPS Controller 


General Description 


The TSC38C42/43 and TSC172/173 are current 
mode CMOS PWM control ICs. With a low 1.5 mA 
supply current along with the high drive currents, 
1.2 Atypical, the TSC38C 42/43 provide a low cost 
solution for many PWM needs since they can be 
driven without a 50-60 Hz transformer and can 
directly drive MOSFETs up to HEX 3 size. 

The TSC38C42/43 are pin compatible with earlier 
bipolar products so that designers can easily update 
older designs. A number of improvements have 
been added though. For example, clock ramp reset 
current is specified at 1 mA +10% for accurate 
deadtime control. 

The TSC172/173 adds additional features. The 
TSC172/173 comes in an 14 pin package instead of 
an 8 pin. This allows a linear timing ramp for the 
clock (instead of exponential), user adjustable 
undervoltage start and hysterisis levels as well as 
separate output drive and control grounds. In 
addition the TSC 172 offers a separate shutdown pin 
for fast output shutdown while the TSC173 offers an 


open collector output pin that pulls low when the user 


adjusted under voltage lockout drops out. 


25V 1.4V 


uv 
s 
E 
Cc 
T 
| 
fe) 
N 


UV GOOD 


PWM 
PWM 
companrron ‘LATCH 


UMIT BUFFER 
1.4V 


2R <| 


ERROR AMP 
2.5V 
ERROR AMP e 


COMP o 


J 


TSC38C42-—45/TSC172-175 Block Diagram 


POWER CONTROL 


TSC38C42/TSC38C43 
TSC172/TSC173 

Features 
¢ Low Power CMOS Construction 
¢ Low Supply Current .............. 1.5mA Typ 
* Wide Supply Voltage Operation 8.0 to 28 Volts 
¢ Latch-Up Immunity ........ 500 mA on Outputs 
¢ Above and Below Rail Input Protection — 6 Volts 
¢ High Output Drive ................ 1.2 A Peak 
¢ Current Mode Control 
¢ Fast Rise/Fall Time .......... 30 nS @ 1000 pf 
¢ High Frequency Operation .......... 500 KHz 
¢ Clock Ramp Reset Current ......... 1 mA 10% 
° Fixed UV Lockout TSC38C42/43 ...... 16 V/8 V 


¢ Adjustable UV Lockout TSC172/173 
¢ Adjustable UV Hysterisis TSC172/173 
¢ Shutdown Pin Available on TSC172 
¢ UV Lockout Pin Available 
ON TSCI/3 .cecescceiescs 30 V Open Collector 
° 99% Duty Cycle Limited 
¢ Soft Start 
¢ Low Prop Delay Current Amp 
10 OUIDUR 6 oes cous Got ee ei < 250 nS Typ 
¢ Low Prop Delay Shutdown 
10 OUIDUE sie caict creo ese een ds < 200 nS Typ 
¢ TSC38C42/43 Pin Compatible with Unitrode 
UC3842/3843 


rey 


«—— TOGGLE USED ON 
. TSC. 5, 
TSC174 AND TSC175 ONLY. 
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Advance Product Iniormation 


POWER CONTROL 


CMOS Current Mode 
SMPS Controller 


General Description 


The TSC38C44/45 and TSC174/175 are current 
mode CMOS PWM control ICs. With a low 1.5 mA 
supply current along with the high drive currents, 1.2 
A typical, the TSC 38C-44/45 provide a low cost 
solution for many PWM needs since they can be 
driven without a 50-60 Hz transformer and can 
directly drive MOSFETs up to HEX 8 size. 

The TSC38C44/45 are pin compatible with earlier 
bipolar products so that designers can easily update 
older designs. A number of improvements have 
been added though. For example, clock ramp reset 
current is specified at 1 mA +10% for accurate 
deadtime control. 

The TSC174/175 adds additional features. The 
TSC174/175 comes in an 14 pin package instead of 
an 8 pin. This allows a linear timing ramp for the 
clock (instead of exponential), user adjustable 
undervoltage start and hysterisis levels as well as 
separate output drive and control grounds. In 
addition the TSC 174 offers a separate shutdown pin 
for fast output shutdown while the TSC 175 offers an 
open collector output pin that pulls low when the user 
adjusted under voltage lockout drops out. 

The 38C44 family is limited by an additional flip flop 
to 49%. This makes this family of PWM controllers 
ideal for forward converter circuits. 


i] eR fe 
18038643 comp [2] Tsesscas |S 
TSca8ces nc [3] TScaaces 
EA [4 | 
NC [5 | 
TSC38C42 teense [6 it 
TSC38C43 ne [10 
TSC38C44 Rr /Cy [8 
TSC38C45 
TSC38C42 
TSC38C43 
TSC38C44 
comp [1 | OO ve TSC38C45 
uo | 2 | vere UVHi 
EA | 3 | 12] Vin 
UV GOOD | 4 | Von 
Isense | 5 | 10] OUT 
R, [6 }9] GND 


TSC173 
TSC175 


| 9 POWER GND 


TSC38C44/TSC38C45 
TSC174/TSC175 


Features 


¢ Low Power CMOS Construction 
¢ Low Supply Current .............. 1.5 mA TYP 
¢ Wide Supply Voltage Operation 8.0 TO 28 Volts 
¢ Latch-Up Immunity 500 mA on Outputs 
¢ Above and Below Rail input Protection 6 Volts 
¢ High Output Drive 1.2 A Peak 
¢ Current Mode Control 
¢ Fast Rise/Fall Time 
¢ High Frequency Operation 
« Clock Ramp Reset Current ........ 
¢ Fixed UV Lockout TSC38C44/45 
¢ Adjustable UV Lockout TSC174/175 
¢ Adjustable UV Hysterisis TSC174/175 
« Shutdown Pin Available on TSC174 
¢ UV Lockout Pin Available 
ON TSCITS cand jess 
¢ 49% Duty Cycle Limited 
¢ Soft Start 
¢ Low Prop Delay Current Amp 
to Output 
¢ Low Prop Delay Shutdown 
10: OUDUE sicisek dee vews heared < 200 nS typ 
* TSC38C44/45 Pin Compatible with Unitrode 
UC3844/3845 
¢ ESD Protected 


eee 500 KHz 
1mA 10% 
16 V/8 V 


30 V Open Collector 


< 250 nS Typ 


Tere ee Ce eee ee +2 KV 


TSC172 
TSC174 


TSC172 
TSC174 
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Acvance Product Iniormation 


POWER CONTROL 


CMOS Current Mode 
SMPS Controller 


General Description 


The TSC38C46/47 are current mode CMOS PWM 
control ICs. These only draw 2.0 mA supply current, 
so they can be driven without a costly 50-60 Hz 
transformer. The output drive stage is capable of 
high drive currents, 300 mA typical. 

The TSC38C46/47 are pin compatible with earlier 
bipolar products so that designers can easily update 
older designs. A number of improvements have 
been added though. For example, clock ramp reset 
current is specified at 1 mA +10% for accurate 
deadtime control. 

This second generation part has been designed 
with an isolated drive stage. Unlike its cousin the 
TSC170 the output stage of the TSC38C46/47 can 
be run from a separate power supply such as a 
secondary winding on an output transformer. This 
allows for boot strap start-up of the power supply. 


5.4 VOLT 
REFERENCE 


X3.15 CURRENT 


SYNCH o 


-CURRENT SENSE INPUT © 


+CURRENT SENSE INPUT © 


AMPLIFIER PWM 
ie e ;. COMPARATOR 
0.76 V ie 


LIMIT BUFFER 
COMPENSATION © AMPLIFIER 
+ERROR AMP INPUT 


-ERROR AMP INPUT © 


350 mV 
LOCK-UP AMPUFIER 


Block Diagram 


TSC38C46/TSC38C47 


Features 


2nd Generation TSC170 

Isolated Output Drive 

Low Power CMOS Construction 

Low Supply Current 2.0 mA Typ 
Wide Supply Voltage Operation 8.0 To 16 Volts 
Latch-Up Immunity ........ 500 mA on Outputs 


Above and Below Rail Input Protection 6 Volts 
High Output Drive.............. 300 mA Peak 
Current Mode Control 

Fast RiseFfall Time.......... 50 nS @ 1000 pF 
High Frequency Operation .......... 500 KHz 
Clock Ramp Reset Current ......... ImA 10% 
‘UV Hysterisis Guaranteed 

Shutdown Pin Available 

Double Ended 

Soft Start 

Low Prop Delay Current Amp 

10 OUIDUD es diet S05 co snswee das < 350 nS Typ 
Low Prop Delay Shutdown 

10 OUNDULE fics cd ocsataueiiewnces < 400 nS Typ 


TSC38C46/47 Pin Compatible with Unitrode 
UC3846/3847 


ESD Protected ......cccccnccncsccaes +2 KV 


TSC38C46/TSC38C47 


; peel 


= LATCH 


6-29 


© CURRENT CONTROFTETART ADJUST 


COMPARATOR 


cs 


( 
SHUTDOWN 
| 
i 


oO SHUTDOWN 


&Q 


| TSC38C46 OUTPUTS LOW IN OFF STATE 
| TSC38C47 OUTPUTS HIGH IN OFF STATE 
J 
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4 TELEDYNE | 
SEMICONDUCTOR TSC4423 
The Analog Signal Processing Company™ TS C 4 42 4 


TSC4425 


3A DUAL HIGH SPEED 
MOSFET DRIVER 


FEATURES 


= Tough CMOS™ Construction 
m Latch Up Protected. Withstand >500mA Reverse 


Current 
@ Logic Input will Withstand Negative Swing Up to 6V 
m ESD Protected ............... 0.2... ce eee 2KV 
@ High Peak Output Current ......... 3.0 A Peak 
m Wide Operating Range ........... 4.5 V to 18 V 
m High Capacitive Load 

Drive Capability ............. 1800 pF in 20 nS 
m Low Delay Time ................ <40 nS Typ. 
m Consistent Delay Times with Changes in Supply 

Voltage 
m Matched Rise and Fall Times 
m Logic High Input for Any Voltage from 2.4 V to Vs* 
m Logic Input Threshold Independent of Supply Voltage 
m@ Low Supply Current 

— 5 mA with Logic 1 Input 

— 350 yA with Logic 0 Input 
m Low Output Impedance ............ 3.5 Q, Typ. 
m Output Voltage Swing to Within 25 mV of Ground or 

Vs* ; 


m Pin-Out Same as TSC426-428 
m@ Available in Inverting & Non-Inverting Configurations 


FUNCTIONAL DIAGRAM 


V+ 


NON-INVERTING INVERTING 
OUTPUT OUTPUT 


TSC4424 TSC4425 


INPUT a 


= GND 
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TSC4423 
TSC4424 
TSCa25 


GENERAL DESCRIPTION 


The TSC4423-4425 Tough CMOS™ MOSFET 
Drivers are tough, efficient, and easy to use. This family 
of devices are 3A (peak) dual output MOSFET Drivers, 
with the same pin-outs as the popular TSC426-428 
series. | 

The TSC4423-4425 peak drive capability is 
well suited to drive intermediate size MOSFETs (Hex 


3-5). This enhanced drive capability will improve overall _ 


system efficiency and Safe Operating Area margin. 
These devices are tough due to extra steps 
taken by Teledyne Semiconductor to protect these 


devices from failures. An epitaxial layer is used to. 


prevent CMOS Latch-up. Proprietary circuits have 


been added to allow the input to swing as much as 6V. 


negative without damaging the device. Special circuits 


have also been added to protect against damage from | 
Electro Static Discharge. A special molding compound | 


is used for increased moisture resistance and increased 
ability to withstand high voltages. Teledyne Semi- 
conductor devices are also tough because of Teledyne 


Semiconductors World-Class process controls and | 


device quality. 


Because these devices are fabricated in CMOS 


they run cool, use less power and are easier to drive. 


The rail-to-rail swing capability of CMOS better insures. 
adequate gate voltage to the MOSFET during PWM 


power on/off sequencing. 


The Tough CMOS™ Drivers are flexible and. 


easy to use. These devices replace six or more discrete 
components with a single device to save PCB area. 
These Drivers can be driven from any input from 2.4 V 
to Vs without the need for external speed-up capacitors 
or resistor networks. 

| This family is available in inverting and non- 
inverting configurations. There is a Teledyne Semi- 
conductor Tough CMOS™ MOSFET Driver that is just 
right for any application. 


3A DUAL HIGH SPEED 


_ MOSFET DRIVER 


Ordering Information. | 


Part No. 
TSC4423COE 
TSC4423CPA 
TSC44231JA 
TSC4423MJA 
TSC4423MJA/883 
TSC4424COE 
TSC4424CPA 
TSC44241NA 
TSC4424MJA 
TSC4424MJA/883 
TSC4425COE 
TSC4425CPA 
TSC44251JA 
TSC4425MJA 
TSC4425MJA/883 
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Package 

16-Pin SO Wide 
8-Pin Plastic DIP 
8-Pin CerDIP 
8-Pin CerDIP 
8-Pin CerDIP. 


16-Pin SO Wide 
8-Pin Plastic DIP 


8-Pin CerDiP 
8-Pin CerDIP 
8-Pin CerDIP 
16-Pin SO Wide 
8-Pin Plastic DIP 
8-Pin CerDIP 


8-Pin CerDIP 


8-Pin CerDIP 


_ Temperature 
| ~ Range 


0°C to +70°C 
0°C to +70°C 
-25°C to +85°C 
-55°C to +125°C 


65°C to +125°C 


- 0°C to +70°C 
—0°C to +70°C 
-25°C to +85°C 
-55°C to +125°C 


55°C to +125°C 


0°C to +70°C 
0°C to +70°C 
-25°C to +85°C 
-55°C to +125°C 
-55°C to +125°C 


NEW PRODUCT INFORMATION 


Absolute Maximum Ratings (Notes 1, 2 and 3) 
Power Dissipation 


PIASUC. - ssa .cosiee Sek ee UE ee Geta A eB Oxes 500 mW 

CGIDIP? tac wndc an ebeaces a eoadsies 800 mW 
Derating Factors 

PIASUGC: whcke oahoe alawaas 5.6 mW/°C Above 36°C 

COIrDIP ces tiv ws chocbem sete esas 6.0 mW/°C 
SUDDIV VONAGE” sacs ks ntaacdadeg yas are e ees 20 V 
Input Voltage Any Terminal ........... Vs + 0.3 V 


to Ground - 0.3 V 


TSC4423/4424/4425 Electrical Characteristics: 
Ta = 25°C with 4.5 V <= Vs <= 18 V unless otherwise specified. 


TSC4423 
TSC4424 
TSC4425 


Operating Temperature 


M Version .........00 cee eeeee -55°C to +125°C 
EVGISION: wes Gig se fautueSetees -25°C to +85°C 
GC Version” jase paeeeecerate tes 0°C to +70°C 
Maximum Chip Temperature ............. +150°C 
Storage Temperature ........... -55°C to +150°C 
Lead Temperature (10 Sec.) ............... 300°C 


TYPE SGL PARAMETER CONDITIONS UNIT 
= Vin Logic 1 Input Voltage 2.4 — — V 
2 Vn Logic 0 Input Voltage 7 ee ee ae 

NY Input Current 0<= Vin S Vs -1 = 1 uA 
Vou High Output Voltage Vs-0.025 — — V 
Voi Low Output Voltage V 
- Ro Output Resistance HI State Ioyy = 10 MA, Vg = 18V Q 
E Ro Output Resistance LO State = Ioyz =. 10 MA, Vs = 18V _ 3.5 ie Q 
= IpK Peak Output Current — 3 — A 
_ soo = =| me 
‘a Tr Rise Time Test Figure 1, C, = 1800 pF — — 20 ns 
Fw ie Fall Time Test Figure 1, C, = 1800 pF | — = 20 ns 
“a Tp Delay Time Test Figure 1, C, = 1800 pF ns 
= 
Te Delay Time Test Figure 1, C, = 1800 pF ns 
nr Is Power Supply Current Vin = 3.0 V (Both Inputs) mA 
22 oils Power Supply Current Vin = 0.0 V (Both Inputs) — — 350 


TSC4423/4424/4425 Electrical Characteristics: 
Over operating temperature range with 4.5 V < Vs < 18 V unless otherwise specified. 


TYPE i PARAMETER CONDITIONS UNIT 
Pa Vie Logic 1 Input Voltage 2.4 — — Vi. 
2 VA Logic 0 Input Voltage = zs 0.8 Vv 
lin Input Current 0<Vin SVs -10 — 10 
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HA 


TSC4423° 8A DUAL HIGH SPEED. 
TSC4 42 4 ; | | MOSFET DRIVER 
TSC4425 


| T$C4423/4424/4425 Electrical Characteristics: 
Over operating temperature range with 4.5 V <= Vs < 18 V unless otherwise specified. (Continued) 


SYM- , -_ | aaa of. 
TYPE BOL PARAMETER ~ ‘CONDITIONS | MIN TYP MAX UNIT 
Vor High Output Voltage a Vs-0.025 — ee | 
5 Voi Low Output Voltage _ — — 0.025 | V. 
Qa | 
- . Pk Vin = 0.8 V | 
= IN ; 
ro) Ro Output Resistance lout = 10 mA, Vg = 18 V 5 10 Q 
Ro Output Resistance ee oe ae A, Vs = 18 V 5 10 Q 
= = 
ie Tr Rise Time Test Figure if C, : = 1800 pF ns 
ey Te Fall Time | Test Figure 1, C, = 1800 pF 40 ‘ns 
EF ~Tp1 -. Delay Time. Test Figure 1, C, = 1800 pF 60 ns 
Tp Delay Time | Test Figure 1, C, = = 1800 pF 
fz Is Power Supply Current Vin = 3.0 V (Both Inputs) mA 
£2 Is Power Supply Current Vin = 0.0 V (Both Inputs) mA 


TSC4423/4424/4425 Electrical Characteristics: 
Ta = 25°C with 4.5 V = Vs = 18 V unless otherwise specified. 


2 ; : 
: x ; 
n 


TYPE hte | PARAMETER - CONDITIONS | MIN Y MAX | UNIT 
_ Min Logic 1 Input Voltage _ 24 — Br V 
a Vin Logic 0 Input Voltage eae V 

lin Input Current O05 Vin = Vs -1 — 1 BA 
VoH _ High Output Voltage oe Vs-0.025 — — V 
& Vo. Low Output Voltage. | = ~ 0.025 V 
5 Ro Output Resistance Hi State lout = 10 MA, Vs = 18 V Q°. 
Ro Output Resistance LO State lout = 10 mA, Vs = 18 V Q 
Ipk Peak Output Current | A 
5  TR___ Rise Time Test Figure 1, C, = 1800 pF re fesy 3-200 ns 
fu Te Fall Time Test Figure 1, C, = 1800 pF ESO “ns. 
EF Tp Delay Time - Test Figure 1, C, = 1800 pF ns 
bs Tpe Delay Time Test Figure 1, C, = 1800 pF ns 
EP ols | Power Supply Current Vin = 3.0 V (Both Inputs) mA 
23. ‘Is Power Supply Current Vin = 0.0 V (Both Inputs) mA 
Notes: | 


1. Functional operation above the absolute maximum stress ratings is not implied. 
2. Static Sensitive device. Unused devices must be stored in conductive material to protect devices from static discharge and static fields. 
3. Switching times guaranteed by design. . 
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“97© TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


1.5A DUAL HIGH SPEED 
MOSFET DRIVER 


FUNCTIONAL DIAGRAM 
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TSC4426 
TSC4427 
TSC4428 


FEATURES 


Tough CMOS™ Construction 

Latch Up Protected. Withstand >500mA Reverse 
Current 

Input Will Withstand Negative Inputs up to 6V 


ESD Protected ................. 0. eee eee 2KV 
High Peak Output Current ......... 1.5 A Peak 
Wide Operating Range ........... 45 V to 20 V 
High Capacitive Load 

Drive Capability ............. 1000 pF in 20 nS 
Low Delay Time ................ <40 nS Typ. 
Consistent Delay Times with Changes in Supply 
Voltage | 


Matched Rise and Fall Times 

Logic High Input for Any Voltage from 2.4 V to Vs* 
Logic Input Threshold Independent of Supply Voltage 
Low Supply Current 

— 5 mA with Logic 1 Input 

— 350 wA with Logic 0 Input 


Low Output Impedance .................. TQ 
Output Voltage Swing to Within 25 mV of Ground or 
Vv st 


Pin-Out Same as TSC426-428 
Available in Inverting & Non-inverting Configurations 


“4s TSC4426/4427/4428 


NON-INVERTING INVERTING 
UT 


OUTPUT OUTP 


TSC4427 TSC4428 


U.S. Patent No. 4,769,589 


TSC4426_ 
TSC4427 
TSC4428 


GENERAL DESCRIPTION 


The TSC4426-4428 Tough CMOS™ MOSFET — 


Drivers are tough, efficient, and easy to use. This family 
of devices are 1.5A (peak) dual output MOSFET 
Drivers, with the same pin-outs as the popular TSC426- 
428 series. | 

The TSC4426-4428 peak drive capability is 
well suited to drive small to intermediate size MOSFETs 
(Hex. 1-4). The enhanced drive capability will improve 
overall system Nene and Safe ovaeu Area 
margin. 

These devices are ‘tough due to extra sees 
taken by Teledyne Semiconductor: to protect these 
devices from failures. An epitaxial layer is used to 
prevent CMOS Latch-up. Proprietary circuits. have 
been added to allow the input to swing as much as 6 V 
negative without damaging the device. Special circuits 


have also been added to protect against damage from | 


Electro Static Discharge. A special molding compound 
is used for increased moisture resistance and increased 


ability to. withstand high voltages. Teledyne Semi- | 


conductor devices are also tough because of Teledyne 
Semiconductor's World- Class | eee controls and 
device quality. 

Because these devices a are fabricated in CMOS 
they run cool, use less power and are easier to drive. 
The rail-to-rail swing capability of CMOS better insures 
adequate gate voltage to the MOSFET fT eunne PWM 
power on/off sequencing. 

The Tough CMOS™ Drivers are flexible and 
easy to use. These devices replace six or more discrete 
components with a single device to save PCB area. 
These Drivers can be driven from any input from 2.4 V 
to Vs without the need for external speed-up capacitors 
or resistor networks. | 

These devices are available in inverting and 


158 DUAL HIGH SPEED 
MOSFET DRIVER 


Part No. 
TSC4426COE 
TSC4426CPA 
TSC4426IJA 
TSC4426MJA 
TSC4426MJA/883 
TSC4427COE 
TSC4427CPA 
TSC44271JA 
TSC4427MJA 
TSC4427MJA/883 
TSC4428COE 
TSC4428CPA — 


TSC4428MJA 


TSC4428MJA/883: 


‘non-inverting configurations. There is a Teledyne _ 


Semiconductor Tough CMOS™ MOSFET Driver that is 
just right for any application. 


Pin Configuration 


INVERTING. 


NC = NO CONNECTION 
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Ordering Information | 


Package 

16-Pin SO Wide 
8-Pin Plastic DIP 
8-Pin CerDIP_ 
8-Pin CerDIP _ 
8-Pin CerDIP - 
16-Pin SO Wide 


_ 8-Pin Plastic DIP 


8-Pin CerDIP_ 
8-Pin CerDIP ~ 
8-Pin CerDIP | 
16-Pin SO Wide 


ee 8-Pin Plastic DIP 
TSC44281INA 


8-Pin CerDIP 
8-Pin CerDIP 
8-Pin CerDIP 


’.. Temperature 


Range 
0°C to +70°C 
0°C to +70°C 

-25°C to +85°C 


- -55°C to +125°C 
"55°C to +125°C 


0°C to +70°C 
0°C to +70°C 
-25°C to +85°C 
-55°C to +125°C 
-55°C to +125°C 
0°C to +70°C 


0°C to +70°C | 


-25°C to +85°C 
-55°C to +125°C 
-55°C to +125°C 


NEW PRODUCT INFORMATION 


Absolute Maximum Ratings (Notes 1, 2 and 3) 
Power Dissipation 


TSC4426 
TSC4427 
TSC4428 


Operating Temperature 


PIASUC: cro deat earn waneseueas 500 mW M VerSion .......... ce eee cence -55°C to 125°C 
COLOUR secicntycsta cece mene steaeent 800 mW PO VEESION® sche arpa ce ynes sarees Sia ~25°C to 85°C 
Derating Factors CIVEISION..« 7 eucace Nasngurineee eateries 0°C to 70°C 
PIASUG ase¢4-¢ecasee ees 5.6 mW/°C Above 36°C Maximum Chip Temperature .............. 150°C 
CElDIP? wiscneesers adiewidose te Gens 6.0 mW/°C Storage Temperature ............. -~55°C to 150°C 
Supply: Voltage. vcs eeskwabohie aedesecaraceks 22 V Lead Temperature (10 Sec.) ............... 300°C 
Input Voltage Any Terminal ........... Vos t+ 0.3 V CerDiP Gin CGIW). =i veka eesti ewe ek 150°C 
to Ground - 0.3 V Plastic: 0j4 CCIW). 4.2.28 twenties meecas 170°C 
TSC4426 Electrical Characteristics: 
Specifications measured at Ta, = 25°C with 4.5 V < Vg <= 18 V unless otherwise specified. 
SYM- TSC4426 
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
” Vin Logic 1 Input Voltage 2.4 — — V 
“s lin Input Current 0<Vin SVs ~1 —_ 1 uA 
Vou High Output Voltage V5~-0.025 —_— — V 
Voi Low Output Voltage — — 0.025 V 
‘ VIN = 0.8V 
: Ro Output Resistance lout = 10 MA, Vg = 18V 7 10 Q 
a. 
some ‘ Vin = 2.4V 
= Ro Output Resistance loyr = 10 MA, Vg = 18V 7 10 Q 
IpK Peak Output Current — 1.5 — 
Latch-Up Protection Withstand 
Reverse Current oe = a ES 
o Tr Rise Time Test Figure 1 = — 30 ns 
Fw T. Fall Time Test Figure 1 ns 
= Tot Delay Time Test Figure 1 — — 50 ns 
a Ths Delay Time Test Figure 1 ee wes 55 ns 
G2 Is Power Supply Current Vin = 3.0 V (Both Inputs) — —_ 4.0 mA 
Qa. 
23 Ig Power Supply Current Vin = 0.0 V (Both Inputs) — — 0.4 mA 
TSC4427 Electrical Characteristics: 
Specifications measured at Ta = 25°C with 4.5 V = Vs = 18 V unless otherwise specified. 
SYM- TSC4427 
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
se Vin Logic 1 Input Voltage 2.4 — — V 
= lin Input Current O<Vin SVs -1 — 1 yA 
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TSC4426 _ -° 4,5 DUAL HIGH SPEED 
TSC4427 | MOSFET DRIVER 
TSC4428 


TSC4427 Electrical Characteristics: | ey » 5 
Specifications measured at T, = 25°C with 4.5 V < Vs < 18 V unless otherwise specified. (Continued) 


SYM- = TSC4427 : 
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
Vou High Output Voltage | | V5-0.025 — — V 
Vo... Low Output Voltage . a. — — 0.025 Vv 
| : Vin = 2.4 V 
5 Ro Output Resistance loyr = 10 mA, Vg = 18 V 7 10 Q 
SS a Vin = 0.8 V 
= IN 
5 Ro Output Resistance lout = 10 MA, Vs = 18 V 7 10 Q 
IpK Peak Output Current : AP — 1.5. _ A 
Latch-Up Protection Withstand | a | 
Reverse Current mais a me 
: Tr Rise Time Test Figure 1 aay es 30 ns 
= wok Fall Time Test Figure 1 hese 30 ns 
O= - 
w Tos Delay Time Test Figure 1 a 55 ns 
Gz Is Power Supply Current Vin = 3.0 V (Both Inputs) mA 
a. 
O23 Is Power Supply Current Vin = 0.0 V (Both Inputs) mA 


TSC4428 Electrical Characteristics: 
_ Specifications measured at Ta = 25°C with 4.5 V <= Vs <= 18 V unless otherwise specified. 


SYM- | — TSC4428 
TYPE BOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

‘e Vin Logic 1 Input Voltage 2.4 —_ — V 

2 Vu Logic 0 Input Voltage Fo -— + 08 | v 

~ lin Input Current O0<Vin SVs UA 
Vou High Output Voltage - Vs-0.025  — a V 
Vot Low Output Voltage V 
Ro Output Resistance | | ees nea Vg = 18 V Q 

- 

: Ro Output Resistance anes — A, Vg = 18 V 7 10 Q 
IpK Peak Output Current = We 5 = A 
| pcecinen >500  — = — | ma 

jy TR Rise Time Test Figure 1 — =~ 30 ns 
Fw Te Fall Time Test Figure 1 = = 30 ns 
= FE Tp Delay Time Test Figure 1 ns 
ie Tips Delay Time Test Figure 1 = ea 55 ns 
oe Is Power Supply Current Vin = 3.0 V (Both Inputs)} = — = 4.0 mA 
23 sis Power Supply Current Vin = 0.0 V (Both Inputs) fF — = 04 | mA 
Notes: 


1. Functional operation above the absolute maximum stress ratings is not implied. 
2. Static Sensitive device. Unused devices must be stored in conductive material to protect devices from static discharge and static fields. 
3. Switching times guaranteed by design. 
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Section 7 


Display A/D Converters 


49¢ TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC805 


3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


Auto-Range Operation for AC & DC Voltage and 

Resistance Measurements 

— Two User Selected AC/DC Current Ranges 20 
and 200 mA 

22 Operating Ranges 

— 9 DC/AC Voltage 

— 4 AC/DC Current 

— 9 Resistance and Low Power Ohms 

Low Cost Switches Control Operation 

3 1/2 Digit Resolution in Auto-Range Mode. . 1/2000 

— Extended Resolution in Manual Mode. . . 1/3000 

Memory Mode for Relative 

Measurements ...... ag ies olds are ireland +5% F.S. 

Internal AC to DC Conversion Op Amp 

Triplex LCD Drive for Decimal Points, Digits and 

Annunciators 

Continuity Detection and Piezoelectric Transducer 

Driver 

Compact Surface Mounted 60-Pin Quad Flat Package 

Low Drift Internal Reference ....... 75 ppm/°C 

9 V Battery Operation 

Low Battery Detection and LCD Annunciator 

Low Power CMOS ..................4. 10 mW 


TSC805 


GENERAL DESCRIPTION 


The TSC805 is a3 1/2 digit integrating analog- — 
to-digital converter with triplex LCD display drive and 


automatic ranging. Input voltage/ohm attenuators 
ranging from 1 to 1/10,000 are automatically selected. 
Five full-scale ranges are provided. The CMOS TSC805 
contains all the logic and analog switches needed to 
manufacture an auto-ranging instrument for ohms and 
voltage measurements. User selected 20 mA and 200 
mA current ranges are available. Full-scale range and 
decimal point LCD annunciators are automatically set 
in auto-range operation. Auto-range operation is avail- 
able during ohms (high and low power ohms) and 
voltage (AC & DC) measurements. Auto-ranging elimi- 
nates expensive range switches in hand-held DMM 
designs and makes compact meters easier and less 


costly to design. The. auto-range feature may be 


bypassed allowing. decimal point selection and input 
attenuator selection control through a single line input. 
Expensive rotary switches are not required. 

During manual mode operation resolution is 
extended to 3000 counts full-scale. The extended 
range operation is indicated by a flashing 1 MSD. The 
extended resolution is available during 2000 kQ and 
2000 V full-scale auto-range operation also. 

The memory mode subtracts a reading— up to 
+5%. of full scale—from subsequent measurements. 
Typical applications involve probe resistance compen- 
sation for resistance measurements, tolerance measure- 
ments, and tare weight measurement. 

The TSC805 includes an AC to DC converter 
for AC measurements. Only external diodes/resistors/ 
Capacitors are required. 

Acomplete LCD annunciator set describes the 
TSC805 meter function and measurement range during 
ohms, voltage and current operation. AC measurements 
are indicated as well as auto-range operation. A low 
battery detection circuit also sets the low battery 
display annunciator. The triplex LCD display drive 
levels may be set and temperature compensation 
applied via the Vpisp pin. 

The “low ohms” measurement option allows in 
circuit resistance measurements by preventing semi- 
conductor junctions from being forward biased. 


3 1/2 DIGIT AUTO-RANGING 


ANALOG-TO-DIGITAL CONVERTER 


. A continuity buzzer output is activated with - 
inputs less than 1% of full-scale. An overrange input 
signal also enables the buzzer, except during resistance 
measurements, and flashes the MSD display. Featuring 
single 9 V battery operation, 10 mW power consumption, 
a precision internal voltage reference (75 ppm/°C max. 
TC) and a compact surface mounted 60-pin quad flat 
package, the TSC805 is ideal for portable instruments. 


Ordering Information 


- Temperature 
Part No. Package Range 
| 60-Pin Plastic Quad 
TSC805CBQ Flat Package 0°C to 70°C 
Formed Leads . 
60-Pin Plastic Quad 
TSC805CSQ Flat Package 0°C to 70°C 


Straight Leads" 


Pin Configuration 


TSC805 


24]-MEM/BATT 
123] AC/-/AUTO 


LCD SEGMENT DRIVE 


LCD 
BACKPLANES 


PRODUCT INFORMATION 


TSC805 


Absolute Maximum Ratings 


+ - 

Supply Voltage (V to V ) ...... cece cece cee eee ! 15V Storage Temperature ..............04. -65°C to +160°C 
Analog Input Voltage ........... ccc eee eee eee con to V Lead Temperature (Soldering, 60 sec.) ........... 300° C 
Reference Input Voltage Pe SA nom gg ey cate Om ar PaghePy gR AS V tov Stresses above those listed under Absolute Maximum Ratings may cause 
Voltage at PIN 4S 21... ccc ccc e cece cece en ees GND +0.7 V permanent damage to the device. These are stress ratings only and functional 
Power Dissipation operation of the device at these or any other conditions above those indicated 
Plastic Package ......5..6ccccccccccaeeeees 800 mW in the operational sections of the specifications is not implied. Exposure to 
Operating Temperature . Absolute Maximum Rating Conditions for extended periods may effect device 

; reliability. 

AG “DEVICES ‘nunca bade enaet alee § 0°C to +70°C : 


Electrical Characteristics: vs = 9 v, Ta = 25°C, Figure 1 Test Circuit 


TEST TSC805 
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 


200 mV Range w/o 10 MQ. 


-0000 0000 +0000 


Input Resistor Digital 
1 Zero Input Reading 200 mV Range w/10 MO Input ~0001 = 49001 “sadlng 
20 mA and 200 mA Range -0000 0000 +0000 
200 mV Range w/o 10 MQ. _ = +4 
| Input Resistor - 
2 RE Rollover Error 200 mV Range w/10 MOQ Input — —_ +3 Count 
| ? 20 mA and 200 mA Range = = ail 
3 NL Linearity Error Best Case Straight Line — — +1 Count 
lin Input Leakage Current — = 10 pA 
5 En Input Noise BW = 0.1 to 10 Hz — 20 — UVp-p 
6 AC Frequency Response OE Eio} bs pee oe a0 tere to-oge - Hz 
+5% Error — 40to 2000 — 
7 nap lir Aaanecee ae ts Excludes 200 Range — 570 ~—«660 mV 
8 eee OTA Mose ee ment Excludes 200 2 Range — 285 350 mV 
9  Vcom Analog Common Voltage (V" -Vcom) 2.5 2.6 3.3 V 
10 Vero Tom peratine Cecniclshl EN es 
11 Display Multiplex Rate — 100 —_ Hz 


20 mA, AG, |, Low, 
12 Vit Low Logic Input Range, -MEM, OHMs _ _ 1 V 
(Relative to DIG GND Pin 56) 


20 mA, AC, |, Low 2, 


13 Logic 1 Pull Up Current Range, -MEM, OHMs — 25 — BA 
(Relative to DIG GND Pin 56) 
14 Buzzer Drive Frequency — 4 — kHz 
15 Low Battery Flag Voltage Vcc to Vssa 6.3 6.6 7.0 V 
16 Operating Supply Current — ~ 0.8 1.5 mA 
Note: 


1. 200 1 range open circuit voltage approximately 2.8 V. 


TSC805 


Pin Description and Function Table 1: 


PIN NO.. 
(Quad Flat 
Package) 


1: 
2 
3 


' SYMBOL 


BP3 
Low 1/A 
0/V 
K/m 


BCPO 
(Ones digit). 


AGDO- 
FEO 
BCP1 
AGD1 
FE1 
BCP2 
AGD2 
FE2 
BCP3 
AC/-/AUTO 


-MEM/BATT 
mode. 


VSSD 
Were 
COM 

RMREFH 

RMREFL 

CREFL 

CREFH 

REFHI 
OR1 
OR2 


3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 


DESCRIPTION. 


Logic Input. “O” (Digital Ground) for resistance measurement. 


Logic Input. “0” (Digital Ground) for 20 mA full-scale current measurement. 


Audio frequency, 4 kHz, output for continuity indication during resistance measurement. A. non- 
continuous 4 kHz signal is en eue to indicate an input overrange during voltage or current > 
measurements. 


32.768 kHz Crystal Connection. 
32.768 kHz Crystal Connection. 


Sets peak LCD drive signal: VP = VCC-VDISP. VDISP may also be used to compensate ior 
temperature variation of LCD crystal threshold voltage. 


LCD Backplane #1. 
LCD Backplane #2. 
LCD Backplane #8. 
LCD Annunciator segment drive for low ohms resistance measurement and current measurement. 


LCD Annunciator segment drive for resistance measurement and voltage measurement. 
LCD Annunciator segment drive for k (“kilo-ohms”) and m (‘“milli-amps” and “milli-volts”). 
LCD segment drive for “b,” “c” segments and decimal point of least significant digit (LSD). 


LCD segment drive for “a,” “g,” “d” segments of LSD. 

LCD segment drive for “f” and “e” segments of LSD. 

LCD segment drive for “b,” “c” segments and decimal point of 2nd LSD. 

LCD segment drive for “a,” “g,” “d” segments of 2nd LSD (Ten’s digit). 

LCD segment drive for “f,” and “e” segments of 2nd LSD. 

LCD segment drive for “b,” “c,” and decimal point of 3rd LSD. (Hundreds digit). 

LCD segment drive for “a,” “g,” “d” segments of 3rd LSD. | 

LCD segment drive for “b” and “c” segments of 3rd LSD. 

LCD segment drive for “b,” “c” segments and decimal point of MSD CTrousand S digit). 
LCD annunciator drive signal for AC measurements, polarity, and auto-range operation. 
LCD annunciator drive signal for low battery indication and memory (relative measurement) 


Negative battery supply connection for internal digital circuits. Connect to negative terminal 
of battery. 


Positive battery supply connection. 

Analog circuit ground reference point. Nominally 2.6 V below VCC. 
Ratiometric (Resistance measurement) reference high voltage. 

Ratiometric (Resistance measurement) reference low voltage. 

Reference capacitor negative terminal CREF = 0.1 uf. 

Reference capacitor positive terminal CREF = 0.1 uf. | 

Reference voltage for voltage and current measurement. Nominally 163.85 mV. 
Standard resistor connection for 200 Q full-scale. 

Standard resistor connection for 2000 2 full-scale. 
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PRODUCT INFORMATION 


TSC805 


Pin Description and Function Cont. 


PIN NO. 
(Quad Flat SYMBOL DESCRIPTION 
Package) 
85 ORS Standard resistor connection for 20 kN full-scale range. 

36 OR4 Standard resistor connection for 200 kO full-scale range. 

37 QR5 Standard resistor connection for 2000 k0Q full-scale range. 

38 VR3 Voltage measurement + 100 attenuator. 

39 VR2 Voltage measurement + 10 attenuator. 

40 VR5 Voltage measurement + 10,000 attenuator. 

41 VR4 Voltage measurement + 1000 attenuator. 

42 Vi Unknown voltage input + 1 attenuator. 

43 if Unknown current input. 

44 ACVL Low output of AC to DC converter. 

45 COMP Comparator output. 

46 Cl Integrator capacitor connection. Nominally 0.1 uf. (Low dielectric absorption. Polypropylene 
dielectric suggested). 

47 CAZ Auto-zero capacitor connection. Nominally 0.1 yf. 

48 Rx Unknown resistance input. 

49 CFI Input filter connection. | 

50 ADI Negative input of internal AC to DC operational amplifier. 

51 ADO Output of internal AC to DC operational amplifier. 

52 ROBUF Active buffer output for resistance measurement. Integration resistor connection. Integrator 
resistor nominally 220 k. 

53 RVIBUF Active buffer output for voltage and current measurement. Integration resistor connection. 
Integration resistor nominally 150 kQ. 

54 ACVH Positive output of AC to DC converter. 

55 VSSA Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery. 
56 DIG GND Internal logic digital ground. The logic “O” level. Nominally 4.7 V below VCC. 

57 RANGE __ Input to set manual operation and change ranges. 

58 MEM Input to enter memory measurement mode for relative measurements. The two LSD’s are stored 
and subtracted from future measurements. 

59 DC/AG Input that selects AC or DC option during voltage/current measurements. For resistance 

0/LOW O measurements, the ohms or low power (voltage) ohms option can be selected. 
60 a Input to select current measurement. Set to logic “O” (Digital ground) for current measurement. 
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L ainbig 


WNIND SOL BY UOHeoddy jesdAL 


OHMS 
INPUT 


CURRENT 
INPUT 


VOLTAGE 
INPUT © 


COMMON O 


0.01 
uf 


: TRI-PLEX 
LCD BIAS |} — MEM LOC ) LCD DISPLAY 
IF LCD BIASCONNECTED TODIGGND, 
PEAK DRIVE SIGNAL =5 V. AC "7 EP. GP. 
ae a bm -} pm ko, 
j . 
AUTO a au “as “aD mVA or] O 
AUDIO ENABLE 
ee ae Raa i al 
jas {6 11 23 7 ~|16 «415 13 3 14 45 Jen Kise 
P1 BP2 BP3 K Es P mun ~~; 
Balseo oupees RE/00K 99 Ry VDISP BP1 LOQ/A Q/V Kim -MEM/BCPS FE2 AGD2BCP2 FE1AGD1 BCP1FEO AGDO BCPO : B (=33 kHz) 
RMREFL | | AC/-/AUTO | | | XTAL2 a 
R5/1.6385MQ. 37 ., —— BACKPLANE DISPLAY 100's 10’s 1's 6 + 
POSITIVE 378 oRs (= 10,000) DRIVERS ANNUNCIATORS 1000's vec : | 
TEMPERATURE : 
COEFFICIENT R4/163.85k2 36 55 
AESIe TOR QR (= 1,000) SEGMENT & DECIMAL POINT DRIVE VSSA 
R3/16.385k2 gg ~ OHMS RANGE ; ee 
QR3 (+ 100) ATTENUATOR vssD 
z1 R2/1638.52 
344 one (= 10) DIGITAL GND p22 
R1/163.852 Vo 
\7 339 opt (= 1) - 
re > SiB 
4 é 20mMAO 
20mA 4 
R15 |D3 {D4 ; mths 
an Mam. 180805 Vio 
3 1/2 Digit Auto-Ranging DMM 7 oums #2 2 5 
O ; With LCD Drive ; ab ; SIA 
200mA 
R16 \/ \/ O : 
12 ‘ 20mA 
60 —— 
\/ . 
R13 * O 200mA - 
R14/9.9MQ aa 500K2 = 49 _ = = 
: DC/AC OR 2/LOW Q O O 
R12/1.111MQ oe ——____ fic; T 
39H V oo (= 10) MANUAL RANGE fO2. 0. Oo 
CHANGE a 
Vag (100) ATTENUATOR _Wem DO 
R10/10kQ—,, a a 
41 i Vag (= 1,000) RMREFH § 28 
o43 ANALOG 
ADO ACVH = ACVL RQBUFRVIBUF CAZ INT COMP CIF CREFL CREFH COM REFH! 
40 151 R21/2.2M2 54 44/52 [53 [a7 [46 | 45 49 30 | 31 ]27 132 _ 
Ss CAZ |CINT R20 | = 163.850mV 
R22/470k2 CV | | g20gw0ot 4 400 | CREF oe 
kKQ Sk [ote] Out ks Ny 
\/ 4.7uf C4/iuf C2/0.22ut i O.inf R19/5kQ:  -R18/24kQ 
D2 V 
- R23/10kQ C6 
{ : es 0.01uf 
~  «R24/10kKQ R26/3k2Q RQBUF RVIBUF- 
C5/tuf 
pt =}}+ R27/2k2 


V 


*NOT REQUIRED WHEN RESISTOR NETWORK IS USED. 
SEE PAGE - 18 FOR DETAILS. 


39pf 


TO VCC 


SO8DSL 


YALYSANOD IWLIDIG-OL-DOIWNV 
ONIDNVY-OLNV LIDIG Z/L € 


PRODUCT INFORMATION 


TSC805 


fe aaa ace aamana aie OTE 1 
O.1 uf I 
| R7/100k2 | QRy 48! eet veco ee 
ae ro Oo Ofer a) TSC805 | 
| 
INPUT R8/22002 R6/100k 2 RMREFL 29 | aa 28 RMREFH 
6 A2 | 0 5.821 DE-2 2 \ 
(PTC) | $44 Q-HI2 
R5/1.6385M2. Re 37 ! ay $24 211104 ‘ 
0.01 uf ee a 15k R18/24k 
-85kQ2 QR, 36 
45e oO 6 828_g 1/1 
1 Q. $43 92-LO &2 
R3/1638582 QR. 35 || 
2. 
Z1 | R2/1638.52 © QR 34 | zee soy 1/1 ~ ok R19/5k 2 
6.2V . wee 2 hoa ANALOG 
5 ( . 
CURRENT 
INPUT 0.0.0 O .O0 
O | $33 \S32\S31 \$30 \ $29 
20mA | () 'e 'e ‘eon 
| 2. TQ. Ta. Ta. 72. 1/10k 
v1 11/10 }1/100] 1/1 32 REF HI 
| 
[ | 
cil { ov =163.85mV 
R16/1Q 
| 
| 
1 
I 
$23 | 
DE-2 ! 
VOLTAGE | 
INPUT R14/9.9Mc2 | 
| 
: v- [ve [ve [ve l 
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Figure 2: TSC805 Analog Section 


TSC805 


Resistance, Voltage, Current 
Measurement Selection 


The TSC805 is designed to measure voltage, current, and 
resistance. Auto-ranging is available for resistance and vol- 
tage measurements. The OHMS (Pin 1) and a (Pin 60) mee 
controls are normally pulled internally to Vcc. 


By tying these pins to Digital Ground (Pin 56), the TSC805 is 
configured internally to measure resistance, voltage, or 
current. The required signal combinations are shown in 
Table 2. 


Table 2: TSC805 Measurement Selection Logic 


Function Select Pin 


OHM (Pin 1) 1 (Pin 60) Selected Measurement 
0 0 Voltage 
1 Resistance 
1 0 Current 
1 1 Voltage 


0 = Digital Ground 
1 = Floating or Tied to Vcc 
Notes: _ 


1. OHM & I are normally pulled internally high to VCC (Pin - 


26). 
This is considered a logic “1.” 


2. Logic “O” is the potential at digital ground (Pin 56). 


Resistance Measurements — 
OHMS & Low Power OHMS 


The TSC805 can be configured to reliably measure in-circuit 
resistances shunted by semiconductor junctions. The 
TSC805 low power ohms measurement mode limits the 
probe open circuit voltage. This prevents semiconductor 
junctions in the measured system from turning on. 


In the resistance measurement mode the 0/LOW2O (Pin 59) 
input selects the low power ohms measurement mode. For 
low power ohms measurements 1/LOWD, (Pin 59) is momen- 
tarily brought low to digital ground potential. The TSC805 
sets up for alow power ohms measurement with a maximum 
open circuit probe voltage of 0.35 V above analog common. 
In the low power ohms mode an LCD display annunciator, 
LOW 9, will be activated. On power up the low power ohms 
mode is not active. 


If the manual operating mode has been selected, toggling 


0/LOWOD will reset the TSC805 back to the auto-range mode. 
In manual mode, the decision to make a normal or low 
power ohms measurement should be made before selecting 
the desired range. 


3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 


The low power ohms measurement is not available on the 
200 2 full-scale range. Open circuit voltage o on this range is 
below 2.8 V. 


The standard resistance values are listed in Table 3. 


Table 3: Ohms Range Ladder Network 


. Full-Scale Standard Low Power 
Range Resistance Ohms Mode 
200 0 163.85 9 (R1) NO 
2000 © 1638.5 0(R2) YES 
20 kO. 16,358 0(R3) YES 
200 kO 163850 0(R4) YES 
2,000 ko. 1,638,500 O(R5) YES 


N/A = Not available. 


R8, a positive temperature coefficient resistor, and the 6.2 V 
zener, Z1 in Figure 1 provide input voltage protection Suring 
ohms measurements. 


Ratiometric Resistance Measurements 


The TSC805 measures resistance ratiometrically. Accuracy 
is set by the external standard resistors connected to Pin 33 
through 37. A low-power ohms mode may be selected on all 
but the 200 1 full-scale range. The low power ohms mode 
limits the voltage applied to the measured system. This 
allows accurate “in-circuit” measurements when a resistor is 
shunted by semiconductor junctions. 


Full auto-ranging is provided. External precision standard 
resistors are automatically switched to provide the proper 
range. . 


Figure 3 shows a detailed block diagram of the TSC805 con- 
figured for ratiometric resistance measurements. During the 
signal integrate phase the reference capacitor charges toa 
voltage inversely proportional to the measured resistance- 
RX. Figure 4 shows the conversion accuracy relies on the 
accuracy of the external standard resistors only. 


Normally the required accuracy of the standard resistances 
will be dictated by the accuracy specifications of the users 
end product. Table 4 gives the equivalent ohms per count for 
various full-scale ranges to allow users to judge the required 
resistor accuracy. 


Table 4: Reference Resistors 


eee aloe a/COUNT 
200. ©») ”~>S6”:© 16385 «~—~<“‘ S.tO!OCOWLOC*C~*~*~*™S 
2k | 1638.5 1 

20k — 16385 10 

200 k 163850 100 

2M 1638500 1000 
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VOLTAGE 
REFERENCE 


=VCC 


DE+Q2 


oj 


R6/100 kQ2 29 


R7/100 kX 48 


Ry S UNKNOWN 


V 


ANALOG COMMON 


“4 


TSC805 


Vi 
OHMS 6 
O 


Qe HIQ 


10k82 2 


cc 
28 
O 
REFHI 
32 
27 


\/ ANALOG 
COMMON 


R18 

24 kd 

LOW OHMS 
O 


LOD 
vcc 


5 kQ 


~28V 


vcC - 2.6V 


MW. TSC805 


— RATIO METRIC RESISTANCE MEASUREMENT — 


INTEGRATOR COMPARATOR 


RVIBUF 


220 kQ2 


Figure 3: Ratiometric Resistance Measurement Functional Diagram 


Voltage Measurement 


Resistive dividers are automatically changed to provide in 
range readings for 200 mV to 2000 V full-scale readings 
(Figure 2). The input resistance is set by external resistors 
R14/R13. The divider leg resistors are R9-R12. The divider leg 
resistors give a 200 mV signal at VI (Pin 42) for full-scale vol- 
tages from 200 mV to 2000 V. 


For applications which do not require a 10 MQ input impe- 
dance the divider network impedances may be lowered. This 
will reduce voltage offset errors induced by switch leakage 
currents. 


Current Measurement 


The TSC805 measures current only under manual range 
operation. The two user selectable full-scale ranges are: 
20 mA and 200 mA. Select the current measurement mode by 
holding the | input (Pin 60) low at digital ground potential. 


The OHM input (Pin 1) is left floating or tied to the positive 
supply. 
Two ranges are possible. The 20 mA full-scale range is 


selected by connecting the 20 mA input (Pin 2) to digital 
ground. If left floating the 200 mA full-scale range is selected. 


External current to voltage conversion resistors are used at 
the |) input (Pin 43). For 20 mA measurements a 10 1 resistor 
is used. the 200 mA range needs a 1 2/ resistor. Full-scale is 
200 mV. 


PC board trace resistance between analog common and R16 


_ (See Figure 1) must be minimized. In the 200 mA range, for 
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example, a 0.05 © trace resistance will cause a 5% current to 
voltage conversion error at || (Pin 43). 


The extended resolution measurement option operates 
during current measurements. 


To minimize rollover error the potential difference between 
analog common (Pin 27) and system common must be 
minimized. 


3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 


Example: 200 k{Q Full-Scale Measurement 
163.85 kO 


va} 064V ForOHMS =) (a) NAS 2 0.64 
| 0.32 V For LO OHMS { 163.85 + 220 + RX 
; (b) Vx= RX x 0.64 
tes ena 7 | 163.85 kN. + 220 0 
VR + RX 
VR : 
(c) “Ramp Up Voltage” = “Ramp Down Voltage” 
ce VX_ x TT) = VR TDE 
vx RiC\ RiCi 
Where: 


ENENOHN Ri = Integrating Resistor, T; = Integrate Time 


Ci = Integrating Capacitor, TpE = Deintegrate Time 


TDE 
TI 


Independent of Ri, Ci or Internal Voltage Reference — 


TO ANALOG 
BUFFER 


(d) RX=163.85 ( 


| Figure 4: Resistance Measurement Accuracy Set by External Standard Resistor 


External Crystal = 32.768 KHz 
Internal Clock Period = Tp = 2/32.768 = 61.04 us 


_ Total Conversion Time = Teo = - 8000 (Tp) 

= 488.3 ms ~ 2 CONV/SEC . 

Integration Time = Ti = 1638.5 (Tp) = 100.0 ms 
Maximum Reference Deintegrate Time 


_= Tpe = 3000 (Tp) = 183.1 ms (Manual, Extended Resolution) 
= 2000 (Tp) = 122.1 ms (Auto-Range) 


Minimum Auto-Zero Time 


SIGNAL REFERENCE 
INTEGRATE DEINTEGRATE 
PHASE PHASE 


“4 a TSC805 


AUTO-ZERO 


_ NEXT CONVERSION 
PHASE = 


AUTO-ZERO CYCLE 
EXTENDED 

RESOLUTION 

ZERO 

CROSSING 


FIXED 
| 1638.5 Tp 


* MAX. 
3000.0 Tp 


MIN. AUTO-ZERO 
TIME 


~«—_— 3361.5 Tp ae ae TE *IN AUTO-RANGE OPERATION 

’ MAXIMUM IS 2000 Tp AND 
MINIMUM AUTO-ZERO TIME 
IS 4361.5 Tp 


“TO INPUT 
SIGNAL 


<«—_———__—Tconv = 8000 Tp 


Figure 5: Basic TSC805 Conversion Timing 


Measurement Options 
AC to DC Measurements 


In voltage and current measurements the TSC805 can be 
configured for AC measurements. An on chip operational 
amplifier and external rectifier components perform the AC 
to DC conversion. 


When power is first applied the TSC805 enters the DC mea- 
surement mode. For AC measurements (current or voltage), 
AC/DC (Pin 59) is momentarily brought low to digital ground 
potential; the TSC805 sets-up for AC measurements and the 
AC liquid crystal display annunciator activates. Toggling 
AC/DC low again will return the TSC805 to DC operation. 


If the manual operating mode has been selected toggling 
AC/DC will reset the TSC805 back to the auto-range mode. In 
manual mode operation AC or DC operation should be se- 
lected first and then the desired range selected. 


= (8000-3000- 1638.5) 


= (8000-2000-1638.5) 


(Tp) = 205.1 ms (Manual, Extended 
Resolution)’ 
(Tp) = 266.2 ms (Auto-Range) . 


The minimum AC voltage full-scale voltage range is 2 V. The 
DC full-scale minimum voltage is 200 mV. 


AC current measurements are available on the 20 mA and 
200 mA full-scale current range. 


Conversion Timing 


The TSC805 analog-to-digital converter uses the conven- 
tional dual slope integrating conversion technique with an 
added phase that automatically eliminates zero offset errors. 
The TSC805 gives a zero reading with a zero volt input. 


The TSC805 is designed to operate with a 32.768 kHz crystal. 
The 32 kHz crystal is low cost and readily available; it serves 
as a time base oscillator crystal in many digital clocks. (See 
External Crystal Sources.) 


The external clock is divided by two. The internal clock fre- 
quency is 16.348 kHz giving a clock period of 61.04 us. The 
total conversion — auto-zero phase, signal integrate and 
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reference deintegrate — requires 8000 clock periods or 488.3 
ms. There are approximately two complete conversions per 
second. 


The integration time is fixed at 1638.5 clock periods or 100 ms. 
This gives rejection of 50/60 Hz AC line noise. 


The maximum reference deintegrate time, representing a full- 
scale analog input, is 3000 clock periods or 183.1 ms during 
manual extended resolution operation. The 3000 counts are 
available in manual mode, extended resolution operation only. 
In auto-ranging mode the maximum deintegrate time is 2000 
clock periods. The 1000 clock periods are added to the auto- 
zero phase. An auto-ranging or manual conversion takes 8000 
clock periods. After a zero crossing is detected in the reference 
deintegrate mode, the auto-zero phase is entered. 


Figure 5 shows the basic TSC805 timing relationships. 


Manual Range Selection 


The TSC805 voltage and resistance auto-ranging feature 
can be disabled by momentarily bringing RANGE (Pin 57) to 
digital ground potential (Pin 56). When the change from 
auto-to-manual ranging occurs the first manual range se- 
lected is the last range in the auto-ranging mode. 


The TSC805 power-up circuit selects auto-range operation 
initially. Once the manual range option is entered, range 
changes are made my momentarily grounding the RANGE 
control input. The TSC805 remains in the manual range 
mode until the measurement function (voltage or resistance) 
or measurement option (AC/DC, 1/LO ©) changes. This 


Table 5: Manual Range Operation 


TSC805 


causes the TSC805 to return to auto-ranging operation. 


The “Auto” LCD annunciator driver is active only in the auto- 
range mode. 


Table 5 shows typical operation where the manual range 
selection option is used. Also shown is the extended resolu- 
tion display format. 


Extended Resolution Manual Operation 


The TSC805 extends resolution by 50% when operated in the 
manual range select mode for current, voltage, and resis- 
tance measurements. Resolution increases to 3000 counts 
from 2000 counts. The extended resolution feature operates 
only on the 2000 kM and 2000 V ranges during auto-range 
operation. 


In the extended resolution operating mode readings above 
1999 are displayed with a blinking “1” most significant digit. 
The blinking “1” should be interpreted as the digit 2. The 
three least significant digits display data normally. 


An input overrange condition causes the most significant 
digit to blink and sets the three least significant digits to 
display “000”. The buzzer output is enabled for input voltage 
and current signals with readings greater than 2000 counts in 
both manual and auto-range operation. 


For resistance measurements the buzzer signal does not 
indicate an overrange condition. The buzzer is used to indi- 
cate continuity. Continuity is defined as a resistance reading 
less than 19 counts. 


POWER-ON 200 mV “1700.0 mV | 2V “1”000 V 200 0 “400.0 0 2kQ  “1”.000 ka 

AUTO-RANGE 2 ¥ “1",000 V 2kQ “1.000 kN 10kQ “10.00 kO 

OPERATION 20V “40.00 V Po 20K 18.200 200k “100.0 ka 
# of RANGE CHANGES  LJ— 

“LSJ- RANGE DISPLAY RANGE __ DISPLAY 

7 2 2 200 mv “1700.0 mv | 2V “4”000 V 200 0 “400.0 2k “1”.000 ka 

A E 3 2V 1.000 V 2kQ “1.000 kA 20kQ “10.00 ka 

e 6 1000V 24 V 2V “4”000 V 2kQ  “1”.000 ka 

7 200 mV “400.0 mV 200002 100.00 — 20kQ “10.00 kN 

8 2V “4”.000 V 2kQ ~~ “1.000 kA 200k “100.0 ka 

| Notes: 3. A flashing MSD with a non-zero display indicates the TSC805 has entered 


1. A flashing MSD is shown as a “1”. A flashing MSD indicates the TSC805 is 
over-ranged if all other digits are zero. 
2. The first manual range selected is the last range in the auto-ranging mode. 
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the extended resolution operating mode. An additional 1000 counts of reso- 
lution is available. This extended operation is available only in manual 
operation for voltage, resistance and current measurements. 

4. os (i) momentary ground connection. 


TSC805. 


_ MANUAL 
RANGE 
| SELECT 


CONTINUITY 
INDICATOR 


OUTPUT 4 kHz 
AUDIO 
FREQUENCY 


CONTINUOUS 4 kHz 
BUZZER ; OVER-RANGE 
. INDICATOR 


DISPLAY 
“1 000 


“1" = >FLASHING MSD 


yest | DISPLAY LAST 
3 DIGITS AND 
FLASH MSD 


EXTENDED 
RESOLUTION 
FEATURE 


? 
- ae NO 
] . DISPLAY 
: TRUE 
| READING | 


*MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION IS 
SELECTED AND 2 MQ <RX <2.999 MQ 


Figure 6: Manual Range Selection; — 
Resistance Measurement 


NON-CONTINUOUS 


OUTPUT 4 kHz 
AUDIO 
FREQUENCY 


OVER-RANGE INDICATOR 


- DISPLAY 
"1" 900 


“¥" = >FLASHING MSD 


DISPLAY LAST 
3 DIGITS 
AND FLASH MSD 


DISPLAY 
TRUE 
READING 


Figure 7: Manual Range Selection; 
Current Measurement 


-MEM Operating Mode 


Bringing MEM (Pin 58) momentarily low configures the 


TSC805 “-MEM” operating mode. The -MEM LCD Annun- ~ 
ciator becomes active. In this operating mode subsequent ~ 


measurements are made relative to the last two digits (<99) 

displayed at the time MEM is low. This represents 5% of full- 
scale. The last two significant digits are stored and subtracted 
from all the following input conversions. _ 


- 3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 


RANGE 
SELECT 


OUTPUT NON- 
CONTINUOUS 
4 kHz AUDIO 
FREQUENCY 


OVER-RANGE INDICATOR 
DISPLAY 
“1” 000 


“1" = >FLASHING MSD 


DISPLAY LAST 
3 DIGITS AND 
FLASH MSD 


EXTENDED RESOLUTION 
FEATURE 


DISPLAY 
TRUE 
READING — 


Figure 8: Manual Range Selection; 
Voltage Measurement 


A few examples clarify operation: 


Example 1: In Auto-Ranging 
Ri (N) = 18.21 kO (20 kQ Range ) => Display 18.21 ko 
MEM LJ => Store 0.21 ko 


Ri (N+1) = 19.87 kQ (20 kO. Range) 
= > Display 19.87 - 0.21 = 19.66 kQ. 
Ri (N+2) = 22.65 kQ (200 kOQ Range) 
= > Display 22.7 kQ & MEM Disappears ~ 


Example 2: In Fixed Range 200.0 0 Full-Scale 


Ri (N) = 18.2 0 => Display 18.2 0 
~ MEM’ LJ- => Store 8.20 
Ri (N+1) = 36.70 © 
=> Display 36.7 - 8.2 = 28.5 0 
Ri (N+2) = 5.8 0 | 
= > Display 5.8 - 8.2 = -2.4 0* 


* Will display minus resistance if following input is less than 
offset stored at fixed range 


Example 3: In Fixed Range 20.00 V Full-Scale 
Vi (N) = 0.51 V => Display 0.51 V 
MEM LJ => Store 0.51 V 
Vi (N+1)=3.68V 
= > Display 3.68 - 0.51 = 3.17 V 
Vi (N+2) = 0.23 V : 
= > Display 0.23 - 0.51 = -0.28 V_ 
~ Vi (N+3) =-5.21 V a 
= > Display -5.21 - 0.51 =-5.72V 
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On Power up the TSC805 “-MEM” mode is not active. Once 
the “-MEM” is entered bringing MEM low again it returns the 
TSC805 to normal operation. 


The “-MEM" mode is also cancelled whenever the measure- 
ment type (resistance, voltage, current, AC/DC,Q/Low Q) 
or range is changed. The LCD -MEM annunciator will be off 
in normal operation. 


In auto-range operation if the following input signal cannot 
be converted on the same range as the stored value, the 
“-MEM” mode is cancelled. The LCD annunciator is turned 
off. 


The “-MEM” operating mode can be very useful in resistance 
measurements when lead length resistance would cause 
measurement errors. 


Automatic Range Selection Operation 


When power is first applied the TSC805 enters the auto- 
range operating state. The auto-range mode may be entered 
from manual mode by changing the measurement function 
(resistance or voltage) or by changing the measurement 
option (AC/DC, 0/LOQ). 


The automatic voltage range selection begins on the most 
sensitive scale first: 200 mV for DC or 2.000 V for AC measure- 
ments. The voltage range selection flow chart is given in Figure 
9. 


Internal input protection diodes to VCC (Pin 26) and VSSA 
(Pin 55) clamp the input voltage. The external 10 MQ input 
resistance (See Figure 1, R14 and R13) limits current safely in 
an overrange condition. 


The voltage range selection is designed to maximize resolu- 
tion. For input signals less than 9% of full-scale (count reading 
<180) the next most sensitive range is selected. 


An overrange voltage input condition is flagged whenever the 
internal count exceeds 2000 by activating the buzzer output 
(Pin 3). This 4 kHz signal can directly drive a piezo electric 
acoustic transducer. An out of range input signal causes the 
4 kHz signal to be on for 122 ms, off for 122 ms, on for 122 ms, 
and off for 610 ms (See Figure 15). 


During voltage auto-range operation the extended resolution 
feature operates on the 2000 V range only (See extended reso- 
lution operating mode discussion). 


The resistance automatic range selection procedure is shown 
in Figure 10. The 200 1{ range is the first range selected unless 
the TSC805 low ohms resistance measurement option is 
selected. In low ohms operation the first full-scale range tried 
is 2 kf). 


The resistance range selected maximizes sensitivity. If the 
conversion results in a reading less than 180 the next most 
sensitive full-scale range is tried. 


If the conversion is less than 19 in auto-range operation a 
continuous 4 kHz signal is output at BUZ (Pin 3). An overrange 
input does not activate the buzzer. 


Out of range input conditions are displayed by a blinking most 
significant digit with the three least significant digits set to 
“000.” 


The extended resolution feature operates only on the 2000 k. 
and 2000 V full-scale range during auto-range operation. A 
blinking “1” most significant digit is interpreted as the digit 2. 
The three least significant digits display data normally. 


; 200.0 mV FULL-SCALE RANGE 
: 2.000 VV FULL-SCALE RANGE 


(REMAIN IN RANGE SELECTED 
DURING THE K th CONVERSION) 


EXTENDED 
RESOLUTION |. 


ACTIVATE 
BUZZER 


OVER-RANGE 


DISPLAY *1" 000 
FLASH MSD 


START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 


Figure 9: Auto-Range Operation; 
Voltage Measurement 


3 1/2 DIGIT AUTO-RANGING 
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Low Battery Detection Circuit 
a The TSC805 contains a low battery detector. When the 9 V 
battery supply has been depleted to a 7 V nominal value the 
| NFTFLO2 (OOD ki? FULL SCALE RANGE LCD display low battery annunciator is activated. 
The low battery detector is shown in Figure 11. The low battery 
annunciator is guaranteed to remain OFF with the battery 
( REMAIN IN RANGE SELECTED : 


DURING THE K th CONVERSION) supply greater than 7.0 V. The annunciator is guaranteed to 
| be ON before the supply battery has reached 6.3 V. 


K th 
CONVERSION 


Triplex Liquid Crystal Drive 


The TSC805 directly drives a triplexed liquid crystal display 
(LCD) using 1/3 bias drive. All data, decimal point, polarity 
and function annunciator drive signals are developed by the 
Be, ~ TSC805. A direct connection to a triplex LCD display is 
INDICATOR possible without external drive electronics. Standard and 
ACTIVATE custom LCD displays are readily available from LCD manu- 
eee facturers. 


The LCDs must be driven with an AC signal having a zero DC 
component for long display life. The liquid crystal polariza- 
tion is a function of the RMS voltage appearing across the 
backplane and segment driver. The peak drive signal applied 
to the LCD is: VCC-VDISP. : 


lf VDISP, for example, is set at a potential 3 V below VCC the 
peak drive signal is: 

Vp = VCC-VDISP =3 V — 
An “OFF” LCD segment has an RMS voltage of Vp/3 across it 
or 1 volt. An “ON” segment has a 0.63 Vp signal across it or 
1.92 V for VCC-VDISP = 3 V. 


Since the VDISP pin is available the user may adjust the “ON” 
and “OFF” LCD levels for various manufacturer’s displays by 
DISPLAY changing Vp. Liquid crystal threshold voltage moves down 
FLASH MSD with temperature. 


START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE , 


Figure 10: Auto-Range Operation; — 
Resistance Measurement 


————? e— eee 


TO © 
TRIPLEX 
SEGMENT 
DRIVE 


LOW BATTERY DETECTOR 


+ 
TO LCD 
com- 
ANNUNCIATOR 
PARATOR SELECTION 
: LOGIC 


LOGIC 


SET VDISP 

FOR PROPER Vp 

WITH RESISTIVE 

rN DIVIDER 
gv TSC805 : 

2 VDISP 


| “4 TSC805 


Vp = VCC - VDISP_ 
“OFF” = Vp/3_ RMS 


“HON” =. Vp_ RMS 
Fe 


3V3 


LOW BATTERY ANNUNCIATOR: DISPLAYED FOR Vgyppiy <7 V 


Figure 11: Low Battery Detector Figure 12: 1/3 Bias LCD Drive 
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“OFF” segments may become visible at high LCD operating 
temperatures. A voltage with a -5 to -20 mV/°C temperature 
coefficient can be applied to VDISP to accommodate the 
liquid crystal temperature operating characteristics if 
necessary. 

The TSC805 internally generates two intermediate LCD drive 
potentials (VH & VL) from a resistive divider (Figure 12) 
between VCC (Pin 26) and VDISP (Pin 6). The ladder impe- 
dance is approximately 150 kf). This drive method is com- 
monly known as 1/3 bias. With Vpisp connected to digital 
ground Vp ~ 5.0 V. 


The intermediate levels are needed so that drive signals giving 
‘RMS “ON” and “OFF” levels can be generated. Figure 13 
shows a typical drive signal and the resulting wave forms for 
“ON” and “OFF” RMS voltage levels across a selected LCD 
element. 


LCD Displays 

Although most users will design their own custom LCD dis- 
play, several manufacturers offer standard displays for the 
TSC805. Figure 14 shows a typical display available from 
Varitronix. 


1. Varitronix Ltd. 
9/F Liven House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Tel: 3-410286 
TELEX: 36643 VTRAX HX 
Part No.: VIM 309-1 Pin Connector 
VIM 309-2 Elastomer Connector 


USA Office: 

VL Electronics Inc. ; 
3161 Los Feliz Blvd. Suite 303 
Los Angeles, CA 90039 

Tel: (213) 661-8883 

TELEX: 821554 


2. Adamant Kogyo Co., LTD. 
16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan 
Tel: Tokyo 919-1171 


Figure 13: Triplex LCD Drive Waveforms 


BACKPLANES | 


ae ae | 
112,31415 


Waveforms to Generate 3 


External Crystal 


The TSC805 is designed to operate with a 32,768 Hz crystal. 
This frequency is internally divided by two to give a 61.04 us 
clock period. One conversion takes 8000 clock periods or 
488.3 msec (~ 2 conversions/second). Integration time is 
1638.5 clock periods or 100 ms. 


The 32 kHz quartz crystal is readily available and inexpensive. 
The 32 kHz crystal is commonly used in digital clocks and 
counters. 


Several crystal sources exists. A partial listing is: 


® Statek Corporation 
512 N. Main 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
TELEX: 67-8394 


® Daiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 


® international Piezo LTD 
24-26, Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XTAL HX 
Tel: 3-3501151 


Contact manufacturer for full specifications. 


SEGMENTS 


PPLIED 
MS VOLTAGE 


SEGMENTS 


a (FE—B8P1) 
“ON” 


\ | 
' 
\ ' 
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DIMENSIONS IN MM (NOT TO SCALE) 


Figure 14: Typical LCD Display Configuration | 
TSC805 Triplex 


“Buzzer” Drive Signal 

The TSC805 BUZ output (Pin 3) will drive a piezo electric 
audio transducer. The signal is activated to indicate an input 
overrange condition for current and voltage measurements 
or continuity during resistance measurements. 


During a resistance measurement a reading less than 19 on 
any full-scale range causes a.continuous 4 kHz signal to be 
output. This is used as a continuity indication. 


A voltage or current input measurement overrange is indi- 
cated by a non-continuous 4 kHz signal at the BUZ output. 


50.8 (+0.3 —0.1) 


45.0 VIEWING AREA MIN, —————__________» 
G BETWEEN PADS 2.54 X 17 = 43,18 ——_________» 


k—e—> Fgeccaae 
SY CaP ag 


2B. 3 ne) acme, 7 


The LCD display MSD also flashes and the three least signifi- | 


cant digits are set to display zero. The buzzer drive signal for 
overrange is shown in Figure 15. The buzzer output is active 


for any reading over 2000 counts in both manual and auto- | 


range operation. The buzzer is activated during an extended 
resolution measurement. 


The BUZ signal swings from VCC (Pin 26) to Digital Ground 
(Pin 56). The signal is at VCC when not active. 


The buz output is also activated for 15 ms whenever a range 


change is made in auto-range or manual operation. Chang- 


ing the type of measurement (voltage, current, or resistance) | 


or measurement option (AC/DC, 0/LOQ) will also activate 
the buzzer output for 15 ms. A range change during acurrent 
‘measurement will not activate the buzzer output. 
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Non-Continuous Buzzer Signal Indicates Input Overrange 
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Figure 15: TSC805 Timing Waveform for Buzzer Output . 


Vendors for piezo electric audio transducers are: 


1. 


Gulton Industries 

Piezo Products Division 

212 Durham Avenue 

Metuchen, New Jersey 08840 

(201) 548-2800 

Typical P/N’s: 102-95NS, 101-FB-00 


. Taiyo Yuden (USA) Inc. 


Arlington Center 

714 West Algonquin Road 

Arlington Hts., !l. 60005 

Typical P/N’s: CB27BB, CB20BB, CB355BB 
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Display Decimal Point Selection 


The TSC805 provides a decima! point LCD drive signal. The 
decimal point position is a function of the selected full-scale 
range as shown in Table 6. 


Table 6: Decimal Point Selection 


1 e 9g e 9 e 9 
Full-Scale Range DPS DP2 DP1 
2000 V, 2000 kO OFF OFF OFF 
200.0 V, 200.0 ki OFF OFF ON 
20.00 V, 20.00 kN OFF ON OFF 
2.000 V, 2.000 kN ON OFF OFF 
200.0 mV, 200.0 0 OFF OFF ON 
20.00 mA OFF ON OFF 
200.0 mA OFF OFF ON 


TSC805 


AC to DC Converter Operational Amplifier 
The TSC805 contains an on chip operational amplifier that 
may be connected as a rectifier for AC to DC voltage and 


current measurements. Typical operational amplifier charac- 
teristics are: 


® Slew Rate: 1 V/us 

® Unity Gain Bandwidth: 0.4 MHz 

® Open Loop Gain: 44 dB. 

® Output Voltage Swing (Load = 10 kQ) +1.5V 
' (Reference to Analog Common) 


When the AC measurement option is selected the input 
buffer receives an input signal through switch $14 rather 
- than switch S11 (See Figure 2). With external circuits the AC 
operating mode can be used to perform other types of func- 
tions within the constraints of the internal operational ampli- 
fier. External circuits that perform true RMS conversion or 
a peak hold function are typical examples. 


Component Selection 
Integration Resistor Selection 


_ 3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 


ROBUF Selection (Pin 52) 


In ratiometric resistance measurements the signal at Rx (Pin 
48) is always positive with respect to analog common. The 
integrator swings negative. 


The worst case integrator swing is for the 200 0 range with 
the manual, extended resolution option. 


The input voltage VX (Pin 48) is easily calculated (Figure 16). 


VANCOM = Potential at Analog Common = 2.7 V 
Re = 220 0 

Ri = 163.85 0 

Rx = 3000 

Rs = Internal Switch 33 Resistance ~ 600 1 
RaBuF = _(¥CG-VaNcom) Rx _ peggy 


(Rx + Rs + Ri + Re) 


| For a 3.1 V integrator swing the value of R 1 BUF is easily cal- 


The TSC805 automatically selects one of two external inte- 


gration resistors. RVIBUF (Pin 53) is selected for voltage and 
current measurement. ROBUF (Pin 52) is selected for resis- 
tance measurements. | 


RVIBUF Selection (Pin 53) 


In auto-range operation the TSC805 operates with a 200 mV 
maximum full-scale potential at VI (Pin 42). Resistive dividers 
at VR2 (Pin 39), VR3 (Pin 38), VR4 (Pin 41) and VR5 (Pin 40) 
are automatically switched to maintain the 200 mV full-scale 
potential. 


In manual mode the extended operating mode is activated 
giving a 300 mV full-scale potential at VI (Pin 42). 


The integrator output swing should be maximized but satu- 
rations must be avoided. The integrator will swing within 
0.45 V of VCC (Pin 26) and 0.5 V of VSSA (Pin 55) without 
saturating. A +2 V swing is suggested. The value of RVIBUF is 
easily calculated assuming a worst case extended resolution 
input signal: 


Vint = Integrator Swing = +2 V_ 
TT) = Integration Time = 100 ms 
Ci = Integration Capacitor = 0.1 uf 
Vmax = Maximum Input at Vi = 300 mV 
RVIBUF = —YMAX(T) 50 ka 
Mint (C1) : 
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culated: 

VINT = Integrator Swing = 3.1 V 

T = Integration Time = 100 ms 

Cr = Integration Cap. = 0.1 pf 

Rx Max = 30009 

Vx Max = 700 mV 

R © BUF ee Ae ~ 220 kO 
7 Ci (VINT) | 


Rg ~ 600 2 


163.85 Q 


ANALOG COMMON =Voc-3V | 


Figure 16: ROBUF Calculation n (200 0) Manual 
Operation) 
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With a low battery voltage of 6.6 V analog common will be 
approximately 3.6 V above the negative supply terminal. With 
the integrator swinging down from analog common toward the 
negative supply a 3.1 V swing will set the integrator output to 
0.5 V above the negative supply. 


CINT, CAZ and CREF Capacitors 


The integration capacitor, CINT, must have low dielectric 
absorption. A 0.1 uf polypropylene capacitor is suggested. 
The auto-zero capacitor, CAZ, and reference capacitor, 
CREF, should be selected for low leakage and dielectric 
absorption. Polystyrene capacitors are good choices. 


Reference Voltage Adjustment 


The TSC805 contains a low temperature drift internal voltage 
reference. The analog common potential (Pin 27) is estab- 
lished by this reference. Maximum drift is a low 75 ppm/° C. 
Analog common is designed to be approximately 2.6 V below 
VCC (Pin 26). A resistive divider (R18/R19, Figure 1) sets the 
TSC805 reference input voltage (REFHI, Pin 32) to approxi- 
mately 163.85 mV. 


- With an input voltage near full-scale on the 200 mV range, 
R19 is adjusted for the proper reading. 


Package Outline 


TSC805 


Flat Package Socket 

Sockets suitable for prototype work are available. 
A USA source is: 

Nepenthe Distribution 

2471 East Bayshore 

Suite 520 

Palo Alto, CA 94303 

(415) 856-9332 

TWX: 910-373-2060 

(a) “BQ” Socket Part No.: 1C51-064-042 BQ 
(b) “SQ” Socket Part No.: 1C51-064-042 SQ 


Resistive Ladder Networks 


Resistor attenuator networks for voltage and resistance 
measurement are available from: 


Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
TEL: (714) 788-1700 
TWX: 910-332-6108 


Attenuator Attenuator Caddock 

Accuracy Type Part Number 
0.1% Voltage 1776-C441 
0.25% Voltage 1776-C44 
0.25% Resistance T 1794-204-1 


60-Pin Plastic Flat Package 


.054 + .004 


-047 + .004 


4 
_ -102 + .012 -— 


.050 + .006 


“BQ” Package — Formed Leads 
(Package #21) 
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PIN 1 INDICATION 
DIMPLE OR BUTTON 


“SQ” Package — Unformed Leads 
(Package #22) 


Notes 


ENGINEER: : 
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PROJECT: ae 
DESCRIPTION 


1-22 


“4 TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


LOW POWER 3'2 DIGIT A/D 
WITH DISPLAY HOLD 


FUNCTIONAL DIAGRAM 


ae 


vé 
Cree’ eee ter Veury 


( 
a bas st 
way, RY 
Ss ) 
Sige 
© 
mal OY 
D 


COMPARATOR 


MELTAGED 
mh: OLTAGE 


COMMONY REFERENCE 


OSC, OSC 4 OSC3 4 
Rosc 


“& TSC810 


TSC810 
CONVERTER 


FEATURES 


= Convenient 9V Battery Operation with Low Power 

Dissipation (500uW Typical, 900uW Maximum) 

Display Hold Function 

Fast Over-Range Recovery, Guaranteed Next 

Reading Accuracy 

Low Temperature Drift Internal Reference 
35ppm/°C (Typical) 

Guaranteed Zero Reading with Zero Input 

Low Noise 15uVp-p 

High Resolution (0.05%) and Wide Dynamic Range 

(72 dB) 

Low Input Leakage Current 

.. 1pA Typical, 10pA Maximum 

Direct LCD Drive - No External Components 

Precision Null Detection with True Polarity at Zero 

High Impedance Differential Input 

Internal Clock Circuit 

Available in Compact Flat Package or PLCC 

Industrial Temperature Range Device Available 
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GENERAL DESCRIPTION | 


The TSC810 is a low power, 3% digit, LCD 
display analog-to-digital converter. This device incor- 
porates an “Integrator Output Zero” phase which 
guarantees overrange recovery. The performance of 
existing TSC7116 and 1ICL7116 based systems may be 
- upgraded with minor changes to external, passive 
components (see “Component Selection”). 

The TSC810 incorporates a display hold 
(HLDR) function. The displayed reading will remain 
indefinitely as long as HLDR is held high. Conversions 
continue but the output data display latches are not 
updated. The Vrer- or reference low input is not 
available as it is with the TSC7136. Vrer- is tied 
internally to Analog Common in the TSC810 device. 

~ The TSC810 has an improved internal zener 
reference voltage circuit which maintains the Analog 
Common temperature drift to 35ppm/°C (typical) and 
75ppm/°C (maximum). This represents an improve- 
ment of two to four times over similar 3% digit 
converters, eliminating the need for a costly, space 
consuming external reference source. 

The TSC810 limits linearity error to less than 1 
count on both the 200mV and the 2.00V full-scale 
ranges. Rollover error—the difference in readings for 
equal magnitude but opposite polarity input signals— 
is below +1 count. High impedance differential inputs 
offer 1pA leakage currents and a 10!2Q input impe- 
dance. The 15uV,_, noise performance guarantees a 
“rock solid” reading. The Auto Zero cycle guarantees 
a zero display readout for a zero volt input. 

The single chip low power CMOS TSC810 
incorporates all the active devices for a 3% digit 


TYPICAL APPLICATIONS 


Thermometry 

Digital Meters 

— Voltage/Current/Power 
— pH Measurement 

— Capacitance/Inductance 
— Fluid Flow Rate/Viscosity 
— Humidity 

— Position 

Panel Meters 

LVDT Indicators 

Portable Instrumentation 
Power Supply Readouts 
Process Monitors 
Gaussmeters 

Photometers 


Ordering Information 


analog to digital converter to directly drivean LCD _ 


display. Onboard oscillator, precision voltage reference 


and display segment and backplane drivers simplify 
system integration, reduce board space requirements 
and lower total cost. A low cost, high resolution 
(0.05%) indicating meter requires only a TSC810, an 
LCD display, four resistors, four capacitors and a 9V 
battery. Compact, hand held multimeter designs 
benefit from the Teledyne Semiconductor small foot- 
print package option. ° 

The TSC810 uses a dual slope conversion 
technique which will reject interference signals if the 
converters integration time is set to a multiple of the 
interference signal period. This is especially useful in 


Temperature 


Part No. Package § Range 
TSC81I0CPL a0-Pin 0° to 70°C 
Plastic 
TscetorcpL:  40-Pin 0° to 70°C 
Plastic 
| 40-Pin ‘ r 
TSCB8IOIJL ea aae See AG BOC 
44-Pin , ; 
TSC810CLW ioe 0° to 70°C 
Tscstockw Pin 0° to 70°C 
Flat 
TscstocpL/pi2 40-Pin 0° to 70°C 
Plastic 
40-Pin | | 
2 a ° fe} 
TSCBIONL/BE = GO 25° to 85°C 


Notes: 
1. Reversed pin-out 
2. 160 Hour, 125°C Burn-in 


industrial measurement environments where 50, 60_ 


and 400Hz line frequency signals are present. See the 
TSC811 for differential reference voltage capability. 
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Vrer TempCo 


75ppm/°C Max 
75ppm/°C Max 
100ppm/°C Max 
75ppm/°C Max 
75ppm/°C Max 
75ppm/°C Max 


100ppm/°C Max 


3'’2 DIGIT A/D CONVERTER 


Pin Configuration 


NORMAL 
PIN CONFIGURATION 


a. 
TSC810CPL 
TSC81 OlJL 


(MINUS SIGN} 


TSC810CLW 
(PLCC) 


TSC810 


REVERSE 
PIN CONFIGURATION 


“we 


TSC810RCPL 


(BACK PLANE) (BACK PLANE) (MINUS SIGN) 


TSC810CKW 
(FLAT PACKAGE) 


NOTES 

1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS {S 
APPROXIMATELY V* NO EXTERNAL CONNECTIONS 
SHOULD BE MADE 
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Absolute Maximum Ratings | 
Supply Voltage (V* to VV) ....... tha Bis aveceen 15V Operating Temperature 


Analog Input Voltage (either input)? .... V* to V- Commercial Package (C) .......... 0° to +70°C 
Reference Input Voltage ..... eqns weves MT TONE Industrial Package (Il) ........... -25° to +85°C 
CIOCKINPUL wactaaee ews ea win ee TEST to Vt Storage Temperature ........ see. “65° to +160°C 
Power Dissipation2 Lead Temperature (soldering, 60 sec) ... +300°C 
CerDIP Package (J) .............. ... 1000mWw 7 | 
Plastic Package (P) ............. cee eee 800mW Static sensitive device. Unused devices should be stored in con- 
Plastic Leaded Chip Carrier (L) ees tt 800mW ductive material to protect against static discharge and static 
Plastic Flat Package (K) ......:.0.eeee. -goomw «lds: | 


Electrical Characteristics: Vsuppiy = 9V, foLock = 16kHz and Ta = 25°C unless otherwise noted. 


SYMBOL PARAMETER TEST CONDITIONS | MIN TYP MAX | MIN TYP MAX | UNIT 


Input Section . 
VIN = 0.0V, 


Digital 
—_ - + 
Zero Input Reading Veg = 200.0mV 000.0 000.0 +000.0 Reading 
_ : ‘ VIN = 0.0V, _ ° 
Zero Reading Drift OC <T, < 70°C 0.2 1 LN/°C 
_ | | | Vine = VaeS | 999 Digital 
Ratiometric Reading Veer = 100mV 999 7000 1000 Reading 
NL Linearity Error Ves = 200mV or 2.000V — —1 +0.2 +4 Counts 
Vin” = Vin® _ pale | 
ER Rollover Error — ~ 200.0mV 1 ~ 0.2 +4 Counts 
| Vin = 0.0V, _ _ 
Ex Noise Ves = 200.0mV 15 LV p-p 
I Input Leakage Current Vj, = 0.0V | — 1 10 pA 
Common Mode Vom = £1V, Vin = OV, = Ss _ 
eMBE.  Bejection. = . Ves = 200.0mV a. wy 
Scale Factor Vin = 199.0mV, 
TCgF Temperature 0°C < Ty S 70°C, — 1 5 ppm/°C 
| Coefficient (ext. Vrer tc = Oppm) 
Analog Common Section aa 
250KQ from V* to 
Analog Common, 
V celia a poe ee Oe 
we ete “C” Commercial ppm/°C 
-25°C <= Tp S 85°C | 
“!” Industrial ppm/°C 
f- 
Vo Analog Common 250KQ from V* to 27 3.05 3.35 Volts 
Voltage Analog Common | 
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Electrical Characteristics: Vsyppiy = 9V, foLock = 16kHz and Ta, = 25°C unless otherwise noted. 


SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
LCD Drive Section? 


LCD Segment i: — 
LCD Backplane ‘ “se 


Power Supply Section 


Vin = 0.0V, 


Vt to Vv = 9V 
Isup Power Supply Current fose = 16kHz sits 
fosc = 48 kHz 


Notes: 

1) Input voltage may exceed the supply voltages when the input current is limited to 100uA. 

2) Dissipation rating assumes device is mounted with all leads soldered to a printed circuit board. 

3) Backplane drive is in phase with the segment drive for “segment off” 180° out of phase for “segment on”. Frequency is 20 times the 
conversion rate. Average DC component is less than 50mV. . 


Pin Descriptions 


40-pin 44-pin 

DIP PLCC Name Function 

1 2 HLDR Hold pin, logic 1 holds present display reading 
2 3 D, Activates the D section of the units display 

3 4 Cy Activates the C section of the units display 

4 5 By Activates the B section of the units display 

5 6 Ay Activates the A section of the units display 

6 7 F, Activates the F section of the units display 

7 8 Gy Activates the G section of the units display 

8 9 E, Activates the E section of the units display 

9 10 Do Activates the D section of the tens display 

10 11 Co Activates the C section of the tens display 

11 13 Bo Activates the B section of the tens display 

12 14 Ao Activates the A section of the tens display 

13 15 Fo Activates the F section of the tens display 

14 16 E> Activates the E section of the tens display 

15 17 Dz Activates the D section of the hundreds display 


1-27 


NEW PRODUCT INFORMATION 


TSC810 


Pin Descriptions (continued) 


40-pin | 44-pin | te 

DIP PLCC Name Function 

16 18 Bs Activates the B section of the hundreds display 
17 19 F3 Activates the F section of the hundreds display 
18 20 Eg Activates the E section of the hundreds display 
19 21 AB, Activates both halves of the 1 in the thousands display 
20 22 POL Activates the negative polarity display 

21 24 BP Backplane drive output — 

22 25 G3 Activates the G section of the hundreds display 
23 26 A3 Activates the A section of the hundreds display 
24 27 C3 Activates the C section of the hundreds display 
25 28 G ~=~—s Activates the G section of the tens display 

26 29 V- Negative power supply voltage | 

27 30 VINT Integrator output, connection for Cyt 

28 31 VBUEF Buffer output, connection for Ryjt 

29 32 Caz Integrator input, connection for Caz 

30 3300 VIN" — Analog input low 

31 35 Vint Analog input high 

32 36 COM _ Analog Common: Internal zero reference 

33 37 CrerF- Connection for one side of Crer 

34 38 Crer* -Connection for the other side of Crer 

35 39 V+ Positive power supply voltage 

36 40 VREF Reference input high 

37 41 TEST All LCD segment test when pulled high (V*) 
38 42 OSC3 Oscillator control (see “Oscillator Section”) 

39 43 OSCo Oscillator control (see “Oscillator Section”) 

40 44 OSC, - Oscillator control (see “Oscillator Section”). 
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(P32) 
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TIME 


ENCE 
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Figure 1: Typical Operating Circuit 


GENERAL THEORY OF OPERATION 
Dual Slope Conversion Principles 

The TSC810 is a dual slope, integrating 
analog-to-digital converter. An understanding of the 
dual slope conversion technique will aid the user in 
following the detailed TSC810 theory of operation 
following this section. A conventional dual slope 
converter measurement cycle has two distinct phases: 


1) Input Signal Integration 
2) Reference Voltage Integration (Deintegration) 


NORMAL MODE REJECTION (dB) 


SUREMENT PERIOD 


Referring to Fig 1, the unknown input signal 
to be converted is integrated from zero for a fixed time 
period (T\j7), measured by counting clock pulses. A Vr 
constant reference voltage of the opposite polarity is INPUT FREQUENCY 
then integrated until the integrator output voltage re- 
turns to zero. The reference integration (deintegration) 
time (Tpeint) is then directly proportional to the un- 
known input voltage (Vij). 

In a simple dual slope converter, a complete 
conversion requires the integrator output to “ramp- 
up” from zero and “ramp-down” back to zero. A 
simple mathematical equation relates the input signal, 
reference voltage and integration time: 


Figure 3: Normal-Mode Rejection of Dual 
Slope Converter 


where: Vre_er = Reference Voltage 
Tint = Integration Time 
Tpeint = Deintegration Time 

For a constant Tint: 

{ Tint Vin = Vacr LDEINT 


Vin (t) dt = Vrer TDEINT Tite 
Rint Cint ‘0 Rint Cint 
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Accuracy in a dual slope converter is unrelated 


to the integrating resistor and capacitor valuesaslong © 


as they are stable during a measurement cycle. An 
inherent benefit of the dual slope technique is noise 
immunity. Noise spikes are integrated or averaged to 
zero during the integration periods, making integrating 
ADCs immune to the large conversion errors that 
plague successive approximation converters in high 
noise environments. Interfering signals, with fre- 
quency components at multiples of the averaging 
(integrating) period, will be attenuated. (see Fig 3). 
Integrating ADCs commonly operate with the signal 
integration period set to a multiple of the 50/60Hz 
power line period. 


THEORY OF OPERATION 
Analog Section 
In addition to the basic integrate and deinte- 


grate dual slope cycles discussed above, the TSC810. 


design incorporates an “Integrator Output Zero” cycle 
and an “Auto Zero” cycle. These additional cycles 
ensure that the integrator starts at zero volts (even 
after a severe over-range conversion) and that all 
offset voltage errors (buffer amplifier, integrator and 
comparator) are removed from the conversion. A true 
digital zero reading is assured without any external 
adjustments. 

A complete conversion consists of four digs 
tinct cycles: go> 


1) Integrator Output Zero Cycle 
2) Auto Zero Cycle 

3) Signal Integrate Cycle 

4) Reference Deintegrate Cycle 


Figure 4a: Conversion Timing During 
Normal Operation 
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Figure 4b: Conversion Timing During Over-Range 
Operation 


Integrator Output Zero Cycle 


This phase guarantees that the integrator 
output is at zero volts before the system zero phase is 
entered, ensuring that the true system offset voltages 
will be compensated for even after an over-range 
conversion. The duration of this phase is variable, 
being a function of the number of counts (clock 
cycles) required for deintegration. | 

The Integrator Output Zero cycle will last 
from 11 to 140 counts for non-over-range conversions 
and from 31 to 640 counts for over-range conversions. 


Auto Zero Cycle 


During the Auto Zero cycle, the differential 
input signal is disconnected from the measurement 
circuit by opening internal analog switches and the 
internal nodes are shorted to Analog Common (0 volt 
ref.) to establish a zero input condition. Additional | 
analog switches close a feedback loop around the 
integrator and comparator to. permit comparator 
offset voltage error compensation. A voltage estab- 
lished on Caz then compensates for internal device 
offset voltages during the measurement cycle. The 
Auto Zero cycle residual is typically 10 to 15yV. 

The Auto Zero duration is from 910 to 2,900 
counts for non-over-range conversions and from 300 
to 910 counts for over-range conversions. 


Signal Integration Cycle 

Upon completion of the Auto Zero cycle, the 
Auto Zero loop is opened and the internal differential 
inputs connect to Vin" and V\jy~. The differential input 
signal is then integrated for a fixed time period which, 
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in the TSC810 is 1000 counts (4000 clock periods). 
The externally set clock frequency is divided by four 
before clocking the internal counters. The integration 
time period is: 


The differential input voltage must be within 
the device common-mode range when the converter 
and measured system share the same power supply 
common (ground). If the converter and measured 
system do not share the same power supply common, 
as in battery powered applications, Vijy~ should be 
tied to Analog Common. 

Polarity is determined at the end of signal 
integration phase. The sign bit is a “true polarity” 
indication in thatsignals less than 1 LSB are correctly 
determined. This allows precision null detection which 
is limited only by device noise and Auto Zero residual 
offsets. 


Reference Integrate (Deintegrate) Cycle 


The reference capacitor, which was charged 
during the Auto Zero cycle, is connected to the input 
of the integrating amplifier. The internal sign logic 
insures that the polarity of the reference voltage is 
always connected in the phase which is opposite to 
that of the input voltage. This causes the integrator to 
ramp back to zero at a constant rate which is deter- 
mined by the reference potential. 

The amount of time required (Tpegint) for the 
integrating amplifier to reach zero is directly propor- 
tional to the amplitude of the voltage that was put on 
the integrating capacitor (V;jy7) during the integration 
cycle: 


Rint (Cint) (Vint) 
VREF 


TDEINT = 


The digital reading displayed is: 
Vin’ ~ Vine 


VREF 


Digital Count = 1000 


The oscillator frequency is divided by 4 prior 
to clocking the internal decade counters. The four 
phase measurement cycle takes a total of 4000 counts 


TSC810 


or 16000 clock pulses. The 4000 count cycle is inde- 
pendent of input signal magnitude or polarity. 

Each phase of the measurement cycle has 
the following length: 


1) Auto Zero: 300 to 2900 Counts 
2) Signal Integrate: 1000 Counts 


This time period is fixed. The integration period is: 


TINT = a) = 1000 Counts 
fosc 


Where fosc is the externally set clock frequency. 


3) Reference Integrate: 0 to 2000 Counts 
4) Integrator Output Zero: 11 to 640 Counts 


The TSC810 is a drop in replacement for the 
TSC7116 and ICL7116. The TSC810 offers a greatly 
improved internal reference temperature coefficient. 
Some minor component value changes are required 
to upgrade existing designs and improve the overall 
performance. (see Oscillator Components) 


Digital Section 

The TSC810 contains all the segment drivers 
necessary to directly drive a 3% digit liquid crystal 
display (LCD). An LCD backplane driver is included. 
The backplane frequency is the external clock fre- 
quency divided by 800. For three conversions/second 
the backplane frequency is 60Hz with a 5V nominal 
amplitude. When a segment driver is in phase with the 
backplane signal the segment is “OFF”. An out of 
phase segment drive signal causes the segment to be 
“ON” or visible. This AC drive configuration results in 
negligible DC voltage across each LCD segment. 
This insures long LCD display life. The polarity 
segment driver is “ON” for negative analog inputs. If 
Vin® and Vin7 are reversed then this indicator would 
reverse. | 


TEST Function (TEST) 

On the TSC810, when TEST is pulled to a 
logical “HIGH”, all segments are turned “ON”. The 
display will read “-1888”. During this mode the LCD 
segments have a constant DC voltage impressed. Do 
not leave the display in this mode for more than 
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several minutes. LCD displays may be destroyed if. 


operated with DC levels for extended periods. 
Thedisplay FONT and segmentdrive assign- 
ment are shown in Figure 5. 


e 1000's 100 a ae a = 


DISPLAY FONT 


0123456189 |-l @ G g 


Figure 5: Display FONT and Segment Assignment. 


HOLD Reading Input (HLDR). 

When HLDR isata logic “HI” the latch will not 
be updated. Conversions will continue but will not be 
updated until HLDR is returned to “LOW”. To conti- 
nuously update the display, connect HLDR to ground 
or leave it open. This input is CMOS compatible and 
has an internal resistance of 70kQ ee? tied to 
TEST. 


COMPONENT VALUE aaa 
Auto Zero Capacitor - Caz 


The value of the Auto Zero capacitor (Caz) 
has some influence on system noise. A 0.47uF capa- 


citor is recommended for 200mV full-scale applica-— 


tions where 1LSB is 100uV. A 0.10uF capacitor should 
be used for 2.0V full-scale applications. A capacitor 
with low dielectric absorbtion (Mylar) is required. 


Reference Voltage Capacitor - CREF 

| The reference voltage used to ramp the inte- 
grator output voltage back to zero during the reference 
integrate cycle is stored on Cre. A 0.1uF capacitor is 
typical. If the application requires a sensitivity of 
200mV full-scale, increase Cr_er to 1.0uF. Rollover 
error will be held to less than 1% count. A good quality, 
low leakage capacitor, such as Mylar, should be used. 


Integrating Capacitor - Cint 

Cint should be selected to maximize inte- 
grator output voltage swing without causing output 
saturation. Analog common will normally supply the 
differential voltage reference. For this case a +2V 
full-scale integrator output swing is optimum. For 3 
readings/second (fosc = 48kHz), a .047uF value is 
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suggested. For one reading per second, 0.15uF is. 
recommended. If a different oscillator frequency is — 
used, C)yt must be changed in inverse proportion to. 
maintain the nominal +2V integrator swing. An exact 
expression for Cint is: 


4000 Vrs 


Cin =o es 
Vint Rint fosc 

where: 

fosc = Clock qeaueney at Pin 38 

Ves = Full-scale input. voltage 

Rint = Integrating resistor : 
Vint = Desired full-scale integrator output swing 


Cint Must have iow dielectric absorption to 
minimize roll-over error. A pelyerepyiene capacitor is 
eeomnenaee | , 


Integrating Resistor - Riz 


The input buffer amplifier and integrator are 
designed with class A output stages which have idling 
currents of 6uA. The integrator and buffer can supply 
1yA drive currents with negligible linearity errors. 
Rint is chosen to remain in the output stage linear 
drive region but not so large that printed circuit board 
leakage currents induce errors. For a 200mvV full- 
scale, Ryy7 should be about 180kQ: A 2.0V full-scale 
requires about 1 8MOQ. 


Oscillator Components - me Cosc 


The internal oscillator has been designed to 
work best when Cogc is equal to 50pF. Rosc should 
be selected from the table below. Note that fosc is 
divided by four to generate the TSC810 internal 
control clock. The backplane drive signal is derived 
by dividing fosc by 800. 

To achieve maximum rejection of 6OHz ac- 
line noise pickup, a 60Hz period should be an even 
multiple of the signal integrate period. Oscillator 
frequencies of 30kHz, 40kHz, 48kHz, etc. should be 
selected. Likewise, for 50Hz rejection, oscillator fre-— 
quencies of 33 1/3kHz, 40kKHz, 50kHz, etc. would be 
appropriate. Note that 40kHz (2.5 readings/second) 
will reject ac-line noise of both S5OHz and 60Hz. 

Pins 38, 39 and 40 make up the oscillator 
section of the TSC810. Figures 6a and 6b show some 
typical conversion rate component values: | 
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Figure 6a: TSC810 Oscillator Connection 


Cosc = 5OpF 


* Approximate | 
Figure 6b: Suggested Rosc Values 


The LCD backplane frequency is derived by 
dividing the oscillator frequency by 800. Capacitive 
loading of the LCD may compromise display per- 
formance if the oscillator is run much over 48KHz. 


MEASURED VBUF 


SYSTEM 


POWER SOURCE 


TSC810 


Reference Voltage (VreEF) 

A full-scale reading (2000 counts) requires 
the input signal be twice the reference voltage. 

In some applications a scale factor other than 
unity may exist, such as between a transducer output 
voltage and the required digital reading. Assume, for 
example, a pressure transducer output is 400mV for 
2000!b/in2. Rather than dividing the input voltage by 
two, the reference voltage should be set to 200mV. 
This permits the transducer input to be used directly. 

The TSC810 does not support the use of a 
differential reference. See the TSC811 for full ratio- 
metric measurements. The TSC811 also offers low 
power and display hold. 


DEVICE PINFUNCTIONAL DESCRIPTION 
Differential Signal Inputs (Vin*, Vin-) 

The TSC810 is designed with true differential 
inputs and accepts input signals within the input 
stage common mode voltage range (Vc). The typical 
range is V* - 1.0to V- + 1.5V. Common-mode voltages 
are removed from the system when the TSC810 
operates from a battery or floating power source 
(isolated from measured system) and Vin~ is con- 
nected to Analog Common. (See Figure 7). 

In systems where common-mode voltages 
exist, the 86dB common-mode rejection ratio mini- 
mizes error. Common-mode voltages do, however, 
affect the integrator output level. A worse case condi- 
tion exists if a large positive Voy exists in conjunction 
with a full-scale negative differential signal. The nega- 
tive signal drives the integrator output positive along 
with Voy (Figure 8). For such applications the inte- 


SEGMENT LCD DISPLAY 
DRIV 


Caz VINT 


“4 TSCB10 


Figure 7: Common-Mode Voltage Removed in Battery Operation with Vij Analog Common 
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INPUT 
BUFFER: 


INTEGRATOR 


am . 
MiG [vom ag vin | 
where: 


- a. 4000 
T, = INTEGRATION TIME = tote 


C; = INTEGRATING CAPACITOR 
Ry = INTEGRATING RESISTOR |. 


Figure 8: Common-Mode Voltage Reduces Available 
Integrator Swing. (Vcom ~ Vin) 


grator output swing can be reduced below the recom- 
mended 2.0V full-scale swing. The integrator output 
will swing within 0.3V oI v" or V- without increased 
linearity error. : 


Reference (Vrer*) 

The reference voltage is generated with res- 
pect to Analog Common. 

To prevent rollover type errors from site 
induced by large common-mode voltages, Crer 
should be large compared to stray node capacitance. 
A O.1pF capacitor is a typical value. 


The TSC810 offers a significantly improved | 


Analog Common temperature coefficient. This pro- 


vides a very stable voltage suitable for use as a voltage 


reference. The temperature coefficient of Analog 
Common is typically 35ppm/°C. - | 


Analog Common (COM) 


The Analog Common pin is set at a voltage 
potential approximately 3.0V below V*. This potential 
is guaranteed to be between 2.70V and 3.35V below 
V*. Analog common is tied internally to an N channel 
FET capable of sinking 100uA. This FET will hold the 
common line at3.0V below V* should an external load 

attempt to pull the common line toward V*. Analog 
common source current is limited to 1uWA. Analog 
common is therefore easily pulled to a more ogame 
voltage (i.e. below V* - 3.0 V). 

The TSC810 connects the internal Viy* and 
Vin” inputs to Analog Common during the Auto Zero 
cycle. During the reference integrate phase Vix” is 
connected to Analog Common. If Vix" is not externally 
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connected to Analog Common, a common-mode 
voltage exists. This is rejected by the converter’s 86dB 
common-mode rejection ratio. In battery powered 
applications, Analog Common and Vin7~ are usually 
connected, removing common-mode voltage con- 
cerns. In systems where Vix~ is connected to the 
power supply ground or to a given voltage, Analog 
Common should be connected to Vin’. 
| The Analog Common pin serves to set the - 
analog section reference or common point. The 
TSC810 is specifically designed to operate from a 
battery or in any measurement system where input 
signals are not referenced (float) with respect to the 
TSC810 power source. The Analog Common poten- 
tial of V* - 3.0V gives a 7V end of battery life voltage. 
The analog common potential has a voltage coeffi- 
cient of 0.001%/%. 

With a sufficiently high total supply voltage 
(V* - V- > 70V), Analog Common is a very stable 
potential with excellent temperature stability (typically 
35ppm/°C). This potential can be used to generate 
the TSC810 reference voltage. An external voltage 
reference will be unnecessary in most cases because 
of the 35ppm/°C temperature coefficient. See TSC810 
Internal Voltage Reference discussion. 


TEST 


The TEST pin potential is 5V less than V*. 
TEST may be used as the negative power supply 
connection when interfacing the TSC810 to external 
CMOS logic. The TEST pin is tied to the internally 
generated negative logic supply through a 500Q re-. 
sistor. The TEST pin may be used to sink up to 1mA. 
See the applications section for additional information 
on using TEST as a negative digital logic supply. 

lf TEST is pulled “HIGH” (V*), all segments 
plus the minus sign will be activated. Do not operate 
in this mode for more than several minutes, because 
when TEST is pulled to V*, the LCD Segments are 
impressed with a DC voltage which may cause 
damage to the LCD. 


APPLICATIONS INFORMATION 
Decimal Point and Annunciator Drive 


The TEST pin is connected to the internally 
generated digital logic supply ground througha500Q 
resistor. The TEST pin may be used as the negative 
supply for external CMOS gate segment drivers. LCD - 
display annunciators for decimal points, low battery 
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5 TOLCD 
BACK PLANE 


Simple Inverter for Fixed Decimal Point 
or Display Annunciator 


Figure 9: Display Annunciator 


indication, or function indication may be added 
without adding an additional supply. No more than 
1mA should be supplied by the TEST pin. The TEST 
pin potential is approximately 5V below V*. 


INTERNAL VOLTAGE REFERENCE 


The TSC810 Analog Common voltage temper- 
ature stability has been significantly improved. This 
improved device can be used to upgrade old systems 
and design new systems without external voltage 
references. External R and C values do not need to be 
changed, however, noise performance will be im- 
proved by increasing Caz (See Auto Zero Capacitor 
section). Fig 10 shows Analog Common supplying the 
necessary voltage reference for the TSC810. 


ae 
TSC810 


SET Vrer = 1/2 VEULL SCALE 


Figure 10: TSC810 Internal Voltage 
Reference Connection 


TSC810° 


Multiple Decimal Point or 
Annunciator Driver 


Liquid Crystal Display Sources 


Several LCD manufacturers supply standard 
LCD displays to interface with the TSC810 3% digit 
analog-to-digital converter. 


Manu- Representative 

facturer Address/Phone Part Numbers! 

Crystaloid 5282 Hudson Dr., C5335, H5535, 

Electronics Hudson, OH 44236 T5135, SX440 
216/655-2429 

AND 770 Airport Blvd., FE 0801 
Burlingame, CA 94010 FE 0203 
415/347-9916 

EPSON 3415 Kashikawa St., _D-B709BZ 
Torrance, CA 90505 LD-H7992AZ 


213/534-0360 


Hamlin, Inc. 612 E. Lake St., 
Lake Mills, WI 53551 
414/648-2361 


3902, 3933, 3903 


Note: 
1. Contact LCD manufacturer for full product listing/specifications. 
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VREF 
a 
¢ 32] ANALOG 


Figure 11: Single +5 Volt Supply Using TSC7660 Figure 13: Positive Temperature Coefficient Resistor 
Temperature Sensor 7 


TSC810 


Ves = 200mV 


Figure 12: Temperature Sensor 
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Package Outline 


(Package #17) 
40-Pin Plastic Dip (PL Package) 
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(Package #20) 
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3%. DIGIT A/D CONVERTER WITH HOLD AND 
DIFFERENTIAL REFERENCE INPUTS 


FEATURES 


m Differential Reference Input 
m Display Hold Function 
m Fast Over-Range Recovery, Guaranteed Next Reading 
Accuracy : 
m Low Temperature Drift Internal Reference 
35ppm/°C (Typ) | 
™ Guaranteed Zero Reading with Zero Input 


m Low Noise .................. 000 cues 15uVp-p 
m High Resolution (0.05%) and Wide Dynamic Range 
(72 dB) 


m High Impedance Differential Input 
m= Low Input Leakage Current 
.. 1pA Typical, 10pA Maximum 
m Direct LCD Drive - No External Components 
m Precision Null Detection with True Polarity at Zero 
m Crystal Clock Oscillator 
m@ Available in DIP, Compact Flat Package or PLCC 
m Convenient 9V Battery Operation with Low Power 
Dissipation (600uW Typical, 1mW Maximum) 


FUNCTIONAL DIAGRAM 


LCD DISPLAY 


-| 6 8 8 
In 
Sul TMT WL 


LCD SEGMENT DRIVERS 


7 SEGMENT} }7 SEGMENT] | 7 SEGMENT 
DECODE DECODE OECODE 


DATALATCH 
aie 


BACKPLANE 


Cree 


* RINT Caz 22 Cint 
v = | 3 
Crer’ REF VREF 9 Crer Veur Vv VINT 
e O O O O O © oO 
6 33 
: INTEG- 


“4 TSs0811 


COMPARATOR 


LOW TEMP 
COEFFICIENT 
VO 
REFERENCE 


INTERNAL DIGITAL GROUND 


TO SWITCH DRIVERS 


FROM COMPARATOR OUTPUT -—— | | 
all —* 
Cc, ~ 4] 
Ju Ww 


- INTERNAL DIGITAL GROUND a 
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GENERAL DESCRIPTION | 

The TSC811 is a low power, 3% digit, LCD 
display analog-to-digital converter. This device incor- 
porates both a display hold feature and differential 
reference inputs. A crystal oscillator, which only 
requires 2 pins, permits added features while retaining 
a 40-pin package. An additional feature is an “Inte- 
grator Output Zero” phase which guarantees rapid 
input overrange recovery. 

The TSC811 display hold (HLDR) function 
can be used to “freeze” the LCD display. The displayed 
reading will remain indefinitely as long as HLDR is 
held high. Conversions continue but the output data 
display latches are not updated. The TSC811 also 
includes a differential reference for easy ratiometric 
measurements. Circuits which use the 7106/26/36 can 
- easily be upgraded to include the hold function with 

the TSC811. 

The TSC811 has an improved internal zener 
reference voltage circuit which maintains the Analog 
Common temperature drift to 35ppm/° C.(typical) and 
75ppm/°C (maximum). This represents an improve- 
ment of two to four times over similar 31% digit 
converters, eliminating the need for a costly, eee 
consuming external reference source. 

The TSC811 limits linearity error to less than 1 
count on both the 200mV and the 2.00V full-scale 
ranges. Rollover error—the difference in readings for 
equal magnitude but opposite polarity input signals— 
is below +1 count. High impedance differential inputs 
offer 1pA leakage currents and a 1012Q input impe- 
dance. The 15uV,_, noise performance guarantees a 
“rock solid” reading. The Auto Zero cycle guarantees 
a zero display readout for a zero volt input. © 

The single chip CMOS TSC811 incorporates 
all the active devices for a 3% digit analog to digital 
converter to directly drive an LCD display. Onboard 
oscillator, precision voltage reference and display 
segment and backplane drivers simplify system inte- 
gration, reduce board space requirements and lower 
total cost. A low cost, high resolution (0.05%) indi- 
cating meter requires only a TSC811, an LCD display, 
five resistors, six capacitors, a crystal, and a 9V 
battery. Compact, hand held multimeter designs 
benefit from the Teledyne Semiconductor small foot- 
print package option. 
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| The TSC811 uses a dual slope conversion 
technique which will reject interference signals if the 
converters integration time is set to a multiple of the 
interference signal period. This is especially useful in 
industrial measurement environments where 50, 60 
and 400Hz line frequency signals are present. 


Typical Applications 

m Thermometry 

m@ Digital Meters 

— Voltage/Current/Power | 
— pH Measurement 

— Capacitance/Inductance 
— Fluid Flow Rate/Viscosity 
— Humidity | 

— Position 

Panel Meters 

LVDT Indicators 

Portable Instrumentation 
Digital Scales 

Process Monitors — 
Gaussmeters 

Photometers 


Ordering Information 


Temperature 
Part No. Package Range Vrer TempCo 
tscaricpL = 47PIN- go to 70°C =~ 75ppm/°C Max 
Plastic 
TscstiRcpL: 40-Pin 0° to 70°C ~—- 75ppm/°C Max 
Plastic 
40-Pin - r - 
TSC811IJL CerDIP -25° to 85°C 1OOppIny C Max 
TSC811CKW nie 0° to 70°C —-75ppm/°C Max 
44-Pin " ‘ 
TSC811CLW PLCC 0° to 70°C ‘7Sppm/ C Max 
. 40-Pin 
2 ° ° ° 
ToC RMCETIE CerDIP 0° to 70°C 75ppm/°C Max 
40-Pin 
f 2 ~95° ° ° 
TSC811IJL/BI CerDIP 25° to 85°C 100ppm/°C Max 


Notes: 
1. Reversed pin-out 
2. 160 Hour, 125°C Burn-in 
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Pin Configuration 


NORMAL 
PIN CONFIGURATION 


a. 
TSC811CPL TSC811CLW 
TSC811CJL 


(MINUS SIGNI (BACK PLANE) 


REVERSE 
PIN CONFIGURATION 


“4 TSC811CKW 


TSC811RCPL 


- 
ua. 


NOTES 
1 NC = NO INTERNAL CONNECTION 


{BACK PLANE} (MINUS SIGN) 


7-41 


TSC811 


Absolute Maximum Ratings 


Supply Voltage (V* to V>) ow... eee eee eee ee 15V 
Analog Input Voltage (either input)! Vt to V- 
Reference Input Voltage ............... Vt to VU 


COCK DUT: stannous dene taal TEST to Vt 
Power Dissipation 


CerDIP Package (J) .............000- 1000mW 
Plastic Package (P,K ) ................ 800mW 
Plastic Leaded Chip Carrier (L) ........ 800mW 
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Operating Temperature . 7 | 
Commercial Package (C) .......... 0° to +70°C 
Industrial Package (l) ........... -25° to +85°C 

Storage Temperature ............ -65° to +160°C 

Lead Temperature (soldering, 60 sec) . +300°C 

Static sensitive device. Unused devices should be stored in con- 


ductive material to protect ene static discharge and sialic 
fields. 


Electrical Characteristics: VSUPPLY = OV, foLock = 32.768kHz and Ts = 25°C unless otherwise noted. 


TSC811 
TYP 


SYMBOL PARAMETER 


Input Section 


TEST CONDITIONS 


_ aks — Vin = 0.0V, ; sae Digital 
Zero Input Reading Ves = 200.0mV 000.0 000.0, +000.0 Reading 
_ | . : VIN = 0.0V, 20 
Zero Reading Drift 0°C <T, < 70°C EN/°C 
a oe Vin = Vrer, : 999° Digital 
Ratiometric Reading Vace = 100mV 4000 1000 Reading 
NL Linearity Error Ves = 200mV or 2.000V Counts 
a, Vin” = Vin* 
Er Rollover Error = 200.0mV Counts 
, VIN = 0.0V, 
IL Input Leakage Current Vy = 0.0V ——ai 
Common Mode. Vom = +1V, Vin = OV, 
CMRR Rejection Ves = 200.0mV HNN 
Scale Factor VIN = 199.0mv, 
TCs Temperature 0°C <= Tap S 70°C, 
| Coefficient (ext. Veer tc = Oppm) 


Analog Common Section 


250KQ from V* to 


Analog Common Analog Common, - 


Votc Temperature 00°C <= Ty = 70°C 
Coefficient “C” Commercial — = 75 ppm/°C 
| “VY” Industrial 100 ppm/°C 

~ Analog Common 250KQ from V* to 
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Electrical Characteristics (continued) 
Vsuppty = 9V, fcLock = 32.768kKHz and Ta = 25°C unless otherwise noted. 


TSC811 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Hold Pin Input Section 

Input Resistance Pin 1 to Pin 37 — 70 — kQ 
Vib Input Low Voltage Pin 1 — — Test +1.5 V 
Vin Input High Voltage Pin 1 Vt - 1.5 — — V 
LCD Drive Section? 

LCD Segment i ae 
Vsp Drive Voltage a i : : Vp-p 
Ves LCD Backplane Vt to V- = OV 4 5 6 Vs 


Drive Voltage 


Power Supply Section 


VIN = 0.0V, 


Vt to Vv = 9V 
Isup alas Supply Current fose = 16kHz ih 
fosc = 48 kHz UA 


Notes: 

1) Input voltage may exceed the supply voltages when the input current is limited to 100uA. 

2) Dissipation rating assumes device is mounted with all leads soldered to a printed circuit board. 

3) Backplane drive is in phase with the segment drive for “segment off” 180° out of phase for “segment on”. Frequency is 20 times 
the conversion rate. Average DC component is less than 50mvV. 


Pin Descriptions 


40-pin 44-pin : 

DIP PLCC Name Function 

1 2 HLDR Hold pin, logic 1 holds present display reading 
2 3 D, Activates the D section of the units display 
3 4 Cy Activates the C section of the units display 
4 5 B; Activates the B section of the units display 
5 6 A; Activates the A section of the units display 
6 7 Fy Activates the F section of the units display 
7 8 Gy Activates the G section of the units display 
8 9 EF, Activates the E section of the units display 
9 10 Do Activates the D section of the tens display 
10 11 Co Activates the C section of the tens display 
11 13 Bo Activates the B section of the tens display 
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Pin Descriptions (continued) 


40-pin 44-pin | | 

DIP PLC Name Function | 

12. a) Ao | Activates the A section of the tens display -_ 
13 16. Fo Activates the F section of the tens display 
14 16 E> Activates the E section of the tens display 

15 © 17 D3 | Activates the D section of the hundreds display 
16 18 ; Bs Activates the B section of the hundreds display 
17 - 19 Fs Activates the F section of the hundreds display 
18 20 E3 Activates the E section of the hundreds display 
19 a1 AB4 Activates both halves of the 1 in the thousands display 
20 22 POL Activates the negative polarity display 

21 24 BP Backplane drive output 

22 25 G3 _ Activates the G section of the hundreds display 
23 26 A3 Activates the A section of the hundreds display 
24 27 Cz Activates the C section of the hundreds display 
25 28 Go Activates the G section of the tens display 

26 29 V- Negative power supply voltage 

27 30 VINT | Integrator output, connection for Cit 

28 31 V BUFF Buffer output, connection for Ryjyt 

29 32 Caz | Integrator input, connection for Caz 

30 33 VIN7 Analog input low 

31 85 Vin" Analog input high 

32 36 | COM — Analog Common: Internal zero reference 

33 37 i WARS Reference input low 

34 38 | Cree | Negative connection for reference capacitor 

35 39 = Crer Positive connection for reference capacitor 

36 40 VreF Reference input high 

37 4 TEST All LCD segment test when pulled high (V*) 

38 42 vt | Positive power supply voltage 

39 —  —4B | | OSC») | Crystal oscillator output 

40 44 -_ OSC, Crystal oscillator input 
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Figure 1: Typical Operating Circuit 


GENERAL THEORY OF OPERATION 
Dual Slope Conversion Principles 


The TSC811 is a dual slope, integrating 
analog-to-digital converter. An understanding of the 
dual slope conversion technique will aid the user in 
following the detailed TSC811 theory of operation 
following this section. A conventional dual slope 
converter measurement cycle has two distinct phases: 


1) Input Signal Integration 
2) Reference Voltage Integration (Deintegration) 


Referring to Fig 2, the unknown input signal 
to be converted is integrated from zero for a fixed time 
period (Tiny), measured by counting clock pulses. A 
constant reference voltage of the opposite polarity is 
then integrated until the integrator output voltage re- 
turns to zero. The reference integration (deintegration) 
time (Tpeint) is then directly proportional to the un- 
known input voltage (Vij). | 

In a simple dual slope converter, a complete 
conversion requires the integrator output to “ramp- 
up’ from zero and “ramp-down” back to zero. A 
simple mathematical equation relates the input signal, 
reference voltage and integration time: 


1 | ne (t) dt = VReF TDEINT 


Rint Cint Jo Rint Cint 
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Figure 3: Normal-Mode Rejection of Dual 
Slope Converter 


where: Vref = Reference Voltage 
Tint = Integration Time 
TpEINT = Deintegration Time 


For a constant Tyjr: 


+ 
Vin = Vrer Et 


TINT 
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Accuracy in adual slope converter is unrelated 
to the integrating resistor and capacitor values as long 
as they are stable during a measurement cycle. An 
inherent benefit of the dual slope technique is noise 
immunity. Noise spikes are integrated or averaged to 
zero during the integration periods, making integrating 
ADCs immune to the large conversion errors that 
plague successive approximation converters in high 
noise environments. Interfering signals, with fre- 
quency components at multiples of the averaging 
(integrating) period, will be attenuated. (see Fig 3). 
Integrating ADCs commonly operate with the signal 


integration period set to a mule of the Pee 


power line period. 


THEORY OF OPERATION 
Analog Section 


In addition to the basic integrate and deinte- 
grate dual slope cycles discussed above, the TSC811 
design incorporates an “Integrator Output Zero” cycle 
and an “Auto Zero” cycle. These additional cycles 
ensure that the integrator starts at zero volts (even 
after a severe over-range conversion) and that all 
offset voltage errors (buffer amplifier, integrator and 
_ comparator) are removed from the conversion. A true 
digital zero reading is assured without any external 
adjustments. 

A complete conversion consists ol four dis- 
tinct cycles: 


1) Integrator Output Zero Cycle 
2) Auto Zero Cycle 

3) Signal Integrate Cycle 

4) Reference Deintegrate Cycle 


AZ 
| [+0200 aa] 


| ses | 


Figure 4a: Conversion Timing During 
Normal Operation 
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Figure 4b: Conversion Timing During Over-Range 
Operation 


Integrator Output Zero Cycle 


This phase guarantees that the integrator 
output is at zero volts before the system zero phase is 
entered, ensuring that the true system offset voltages 
will be compensated for even after an over-range 
conversion. The duration of this phase is variable, 
being a function of the number of counts (clock 


cycles) required for deintegration. 


The Integrator Output Zero cycle will last 
from 11 to 140 counts for non-over-range conversions 
and from 31 to 640 counts for over-range conversions. 


- Auto Zero Cycle 


During the Auto Zero cycle, the differential 
input signal is disconnected from the measurement 
circuit by opening internal analog switches and the 
internal nodes are shorted to Analog Common (0 volt 
ref.) to establish a zero input condition. Additional 
analog switches close a feedback loop around the 


‘integrator and comparator to permit comparator 
offset voltage error compensation. A voltage estab- 


lished on Caz then compensates for internal device 
offset voltages during the measurement cycle. The 
Auto Zero cycle residual is typically 10 to 15uV. 

The Auto Zero duration is from 910 to 2,900 
counts for non-over-range conversions and from 300 
to 910 counts for over-range conversions. 


Signal Integration Cycle 

Upon completion of the Auto Zero cycle, the 
Auto Zero loop is opened and the internal differential 
inputs connect to Vixy* and Vix". The differential input 
signal is then integrated for a fixed time period which, 
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in the TSC811 is 1000 counts (4000 clock periods). 
The externally set clock frequency is divided by four 
before clocking the internal counters. The integration 
time period is: 


The differential input voltage must be within 
the adevice common-mode range when the converter 
and measured system share the same power supply 
common (ground). If the converter and measured 
system do not share the same power supply common, 
as in battery powered applications, V;,\~ should be 
tied to Analog Common. 

Polarity is determined at the end of signal 
integration phase. The sign bit is a “true polarity” 
indication in that signals less than 1 LSB are correctly 
determined. This allows precision null detection which 
is limited only by device noise and Auto Zero residual 
offsets. 


Reference Integrate (Deintegrate) Cycle 


The reference capacitor, which was charged 
during the Auto Zero cycle, is connected to the input 
of the integrating amplifier. The internal sign logic 
insures that the polarity of the reference voltage is 
always connected in the phase which is opposite to 
that of the input voltage. This causes the integrator to 
ramp back to zero at a constant rate which is deter- 
mined by the reference potential. 

The amount of time required (Tem) f for the 
integrating amplifier to reach zero is directly propor- 
tional to the amplitude of the voltage that was put on 
the integrating capacitor (Vy) during the integration 
cycle: 


1 — Rint Cint Vint 
SEI See 


VREF 
The digital reading displayed is: 
Vin” ~ Ving 


VREF 


Digital Count = 1000 


The oscillator frequency is divided by 4 prior 
to clocking the internal decade counters. The four 
phase measurement cycle takes a total of 4000 counts 
or 16000 clock pulses. The 4000 count cycle is inde- 
pendent of input signal magnitude or polarity. 


TSC81 


Each phase of the measurement cycle has 
the following length: 


1) Auto Zero: 300 to 2900 Counts 
2) Signal Integrate: 1000 Counts 


This time period is fixed. The integration period is: 


Tyr = 100 = 4000 Counts 
fosc 


Where fosc is the crystal oscillator frequency. 


3) Reference Integrate: 0 to 2000 Counts 
4) Integrator Output Zero: 11 to 640 Counts 


The TSC811 can replace the |CL7106/26/36 in 
circuits which require both the hold function and a 
differential reference. The TSC811 offers a greatly 
improved internal reference temperature coefficient, 
which can often eliminate the need for an external 
reference. Some minor component changes are re- 
quired to upgrade existing designs, reduce power 
dissipation, and improve the overall performance. 
(see Oscillator Components) 


Digital Section 


The TSC811 contains all the segment drivers 
necessary to directly drive a 3% digit liquid crystal 
display (LCD). An LCD backplane driver is included. 
The backplane frequency is the external clock fre- 
quency divided by 800. For three conversions/second 
the backplane frequency is 60Hz with a 5V nominal 
amplitude. When a segment driver is in phase with the 
backplane signal the segment is “OFF”. An out of 
phase segment drive signal causes the segment to be 
“ON” or visible. This AC drive configuration results in 
negligible DC voltage across each LCD segment. 
This insures long LCD display life. The polarity 
segment driver is “ON” for negative analog inputs. If 
Vin’ and Vin~ are reversed then this indicator would 
reverse. 


TEST Function (TEST) 

On the TSC811, when TEST is pulled to a 
logical “HIGH”, all segments are turned “ON”. The 
display will read “-1888”. During this mode the LCD 
segments have a constant DC voltage impressed. Do 
not leave the display in this mode for more than 
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several minutes. LCD displays may be destroyed if 
operated with DC levels for extended periods. 

The display FONT and segment drive et 
ment are shown in Figure S. 


i (pian Release ( pc casa 


DISPLAY FONT 


o1234s61e9 |-| &@ 8 @ 


Figure 5: Display Font and Segment Assignment 


HOLD Reading Input (HLDR) 

| When HLDR is ata logic “HI” the latch will not 
be updated. Conversions will continue but will not be 
updated until HLDR is returned to “LOW”. To conti- 
nuously update the display, connect HLDR to ground 
or leave it open. This input is CMOS compatible and 
has an internal resistance of 7OKQ. (typical) lied: to 
TEST. 


COMPONENT VALUE SELECTION 
Auto Zero Capacitor - Caz 

The value of the Auto Zero capacitor (Caz) 
has some influence on system noise. A 0.47yF capa- 
citor is recommended for 200mV full-scale applica- 
tions where 1LSB is 100uV. A 0.10uF capacitor should 
be used for 2.0V full-scale applications. A capacitor 
with low dielectric absorption (Mylar) is required. 


Reference Voltage Capacitor - Crer 


The reference voltage used to ramp the inte- 
grator output voltage back to zero during the reference 
integrate cycle is stored on Crer. A 0.1yF capacitor is 
typical. If the application requires a sensitivity of 
200mV full-scale, increase Crgr to 1.0uF. Rollover 
error will be held to less than % count. A good quality, 
low leakage capacitor, such as Mylar, should be used. 


Integrating Capacitor - Cint 

Cint should be selected to maximize inte- 
grator output voltage swing without Causing output 
saturation. Analog common will normally supply the 
differential voltage reference. For this case a +2V 
integrator output swing is optimum when the analog 
input is near full-scale. For 2 or 2.5 readings/second 
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(fosc = 32kHz or 40kHz) and Ves = 200mV, a .0O68uF 
value is suggested. If a different oscillator frequency 
is used, Cjy7 Must be changed in inverse proportion 
to maintain the nominal +2V integrator swing. An 
exact expression for Cy is: 


4000 Ves 


Cikt = =e 
Vint Rint fosc » 

where: 

fosc = Clock frequency at Pin 39 

Ves = Full-scale input voltage 

Rint = Integrating resistor 

Vint = Desired full-scale integrator output swing 


Cint must have low dielectric absorption to 
minimize roll-over error. A Ba Pieenen’ capacitori is 
recommended. 


integrating Resistor - Rint 


The input buffer amplifier and integrator are 
designed with class A output stages which have idling 
currents of 6uA. The integrator and buffer can supply 
1A drive currents with negligible linearity errors. 
Rint is chosen to remain in the output stage linear 
drive region but notso large that printed circuit board 
leakage currents induce errors. For a 200mV full- 
scale, Rit Should be about 180kQ. A 2.0V full-scale 
requires about 1.8MQ. ; 


Oscillator Components 


The internal oscillator has been designed to 
operate with a quartz crystal, such as the-Statek Cx- 
1V series. Such crystals are very small and are 
available in a variety of standard frequencies. Note 
that fosc is divided by four to generate the TSC811 
internal control clock. The backplane drive signal is 
derived by dividing fosc by 800. | 

To achieve maximum rejection of ac-line 
noise pickup, a 40kHz crystal should be used. This 
frequency will yield an integration period of 100ms 
and will reject both 50Hz and 60Hz noise. For proto- 
typing or cost-sensitive applications a 32.768kHz 
watch crystal can be used, and will produce about 
25dB of line-noise rejection. Other crystal frequen- 
cies, from 16kHz to 48kHz, can also be used. 

— Pins 39 and 40 make up the oscillator section 
of the TSC811. Figures 6a and 6b show some typical 
conversion rate component values: 
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Figure 6a: TSC811 Oscillator 


Figure 6b. 


Oscillator 
Freq. (kHz) 


The LCD backplane frequency is derived by 
dividing the oscillator frequency by 800. Capacitive 
loading of the LCD may compromise display per- 
formance if the oscillator is run much over 48KHz. 


Reference Voltage (Vrer) 


A full-scale reading (2000 counts) requires 
the input signal be twice the reference voltage. 


MEASURED VBUF 
SYSTEM 


+ 
v- 
é GN 
ape 
i GND 


POWER SOURCE 
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In some applications a scale factor other than 
unity may exist, such as between a transducer output 
voltage and the required digital reading. Assume, for 
example, a pressure transducer output is 400mV for 
2000!b/in2. Rather than dividing the input voltage by 
two, the reference voltage should be set to 200mV. 
This permits the transducer input to be used directly. 


DEVICE PINFUNCTIONAL DESCRIPTION 
Differential Signal Inputs (Vin* (Pin 31), Vin- 
(Pin 30)) 

The TSC811 is designed with true differential 
inputs and accepts input signals within the input 
stage common mode voltage range (Voy). The typical 
range is V* - 1.0 to V- + 1.5V. Common-mode voltages 
are removed from the system when the TSC811 
operates from a battery or floating power source 
(isolated from measured system) and V;y7 is con- 
nected to Analog Common. (see Fig 8) 

In systems where common-mode voltages 
exist, the 86dB common-mode rejection ratio mini- 
mizes error. Common-mode voltages do, however, 
affect the integrator output level. A worse case condi- 
tion exists if a large positive Vc exists in conjunction 
with a full-scale negative differential signal. The 
negative signal drives the integrator output positive 
along with Vow (Figure 8). For such applications the 
integrator output swing can be reduced below the 
recommended 2.0V full-scale swing. The integrator 
output will swing within 0.3V of V* or V~ without 
increased linearity error. 


Caz VINT 


Figure 7: Common-Mode Voltage Removed in Battery Operation with V;j Analog Common 
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where: 


T, = INTEGRATION Time = 4009 
osc 


C, = INTEGRATING CAPACITOR 
R) = INTEGRATING RESISTOR 


Figure 8: Common-Mode Voltage Reduces Available 
Integrator Swing. (Vcom ~ Vin) 


Reference (Vref (Pin 36), Vrer- (Pin 33)) 

Unlike the ICL7116, The TSC811 has a differ- 
ential reference as well as the “hold” function. The 
differential reference inputs permit ratiometric measure- 
ments and simplify interfacing with sensors such as 
load cells and temperature sensors. The TSC811 is 
ideally suited to applications in hand-held multimeters, 
panel meters, and portable instrumentation. The refer- 
ence voltage can be generated anywhere within the 
V* to V~ power supply range. 

To prevent rollover type errors from being 
induced by large common-mode voltages, Crer 
should be large compared to stray node capacitance. 

A O.1pF capacitor is a typical value. 

| The TSC811 offers a significantly improved 
Analog Common temperature coefficient. This pro- 
vides a very stable voltage suitable for use as a voltage 
reference. The temperature coefficient of Analog 
Common is typically 35ppm/°C. 


Analog Common (Pin 32) 


The Analog Common pin is set at a voltage 


potential approximately 3.0V below V*. This potential 
is guaranteed to be between 2.70V and 3.35V below 


V*. Analog common is tiéd internally to an N channel - 
-- in this mode for more than several minutes, because 


FET capable of sinking 100uA. This FET will hold the 
common line at3.0V below V* should an external load 
attempt to pull the common line toward V*. Analog 
common source current is limited to 1uA. Analog 
common is therefore easily pulled toa more naa’ 
voltage (i.e. below V* - 3.0 V). 
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The TSC811 connects the internal Vijy* and 
Vin’ inputs to Analog Common during the Auto Zero 
cycle. During the reference integrate phase Viy" is 
connected to Analog Common. If Vin7 is not externally 
connected to Analog Common, a common-mode 
voltage exists. This is rejected by the converter’s 86dB 
common-mode rejection ratio. In battery powered 
applications, Analog Common and Vn" are usually | 
connected, removing common-mode voltage con- 
cerns. In systems where Vin” is connected to the 
power supply ground or to a given voltage, Analog 


‘Common should be connected to Vin7. 


The Analog Common pin serves to set the 
analog section reference or common point. The 
TSC811 is specifically designed to operate from a 
battery or in any measurement system where input 


signals are not referenced (float) with respect to the 


TSC811 power source. The Analog Common poten- 
tial of Vt - 3.0V gives a 7V end of battery life voltage. 
The analog common potential has a voltage coeffi- 
cient of 0.001%/%. 

_ With a sufficiently high total supply voltage 
(V* - V- > 70V), Analog Common is a very stable 


~ potential with excellent temperature stability (typically 


35ppm/°C). This potential can be used to generate 
the TSC811 reference voltage. An external voltage 


reference will be unnecessary in most cases because 


of the 35ppm/°C temperature coefficient. See TSC811 
Internal Voltage Reference discussion. | 


TEST (Pin 37) 


The TEST pin potential is 5 5V less than vt. 
TEST may be used as the negative power supply 
connection when interfacing the TSC811 to external 
CMOS logic. The TEST pin is tied to the internally 
generated negative logic supply through a 500Q re- 
sistor. The TEST pin may be used to sink up to 1mA. 


-See the applications section for additional information 
on using TEST as a negative digital logic supply. 


If TEST is pulled “HIGH” (V*), all segments 
plus the minus sign will be activated. Do not operate 


when TEST is pulled to V*, the LCD Segments are 


- impressed with a DC yolage which may cause 


damage to the LCD. | 
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Figure 9: Display Annunciator Drivers 


APPLICATIONS INFORMATION 
Decimal Point and Annunciator Drive 


The TEST pin is connected to the internally 
generated digital logic supply ground througha 500Q 
resistor. The TEST pin may be used as the negative 
supply for external CMOS gate segment drivers. LCD 
display annunciators for decimal points, low battery 
indication, or function indication may be added 
without adding an additional supply. No more than 
1mA should be supplied by the TEST pin. The TEST 
pin potential is approximately 5V below V". 


INTERNAL VOLTAGE REFERENCE 


The TSC811 Analog Common voltage temper- 
ature stability has been significantly improved. This 
improved device can be used to upgrade old systems 
and design new systems without external voltage 


TSC811 


references. External R and C values do not need to be 
changed, however, noise performance wil! be im- 
proved by increasing Caz (See Auto Zero Capacitor 
section). Fig 10 shows Analog Common supplying 
the necessary voltage reference for the TSC811. 


Liquid Crystal Display Sources 

Several LCD manufacturers supply standard 
LCD displays to interface with the TSC811 3% digit 
analog-to-digital converter. 


Representative 


Manufacturer Address/Phone Part Numbers! 

Crystaloid 5282 Hudson Dr., C5335, H5535, 

Electronics Hudson, OH 44236 T5135, SX440 
216/655-2429 

AND 770 Airport Bivd., FE 0801 
Burlingame, CA 94010 FE 0203 
415/347-9916 

EPSON 3415 Kashikawa St., |D-B709BZ 
Torrance, CA 90505 LD-H7992AZ 
213/534-0360 

Hamlin, Inc. © 612 E. Lake St., 3902, 3933, 3903 


Lake Mills, WI 53551 
414/648-2361 


Note: 
1. Contact LCD manufacturer for full product listing/specifications. 


Oscillator Crystal Source 


Representative 


Manufacturer Address/Phone Part Numbers 
STATEK 512 N-Main CX-1V 40.0 
Orange, CA 92668 
714/639-7810 


Ratiometric Resistance Measurements 


The TSC811 true differential input and differ- 
ential reference make ratiometric readings possible. 
In ratiometric operation, an unknown resistance is 
measured with respect to a known standard resis- 
tance. No accurately defined reference voltage is 
needed. 

The unknown resistance is put in series with 
a known standard and a current is passed through 
the pair (Figure 11). The voltage developed across 
the unknown is applied to the input and the voltage 
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across the known resistor applied to the reference 
input. If the unknown equals the standard, the input 
voltage will equal the reference voltage and the 
display will read 1000. The displayed reading can be 
determined from the following expression: —- 


RUNKNOWN 


Displayed reading = 
te RstaNDARD 


x 1000 


The display will overrange for RuNkNowNn = 2 * 
RSTANDARD- 


ve 


~— 


TSC811 


SET Vree = 1/2 VEULL SCALE 


Figure 10: TSC811 Internal Voltage 
Reference Connection 


Figure 11: Low Parts Count Ratio Metric 
Resistance Measurement 
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Figure 13: Positive Temperature Coefficient Resistor 
Temperature Sensor 
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Auto-Range Operation for AC & DC Voltage and 

Resistance Measurements 

— Two User Selected AC/DC Current Ranges 20 
and 200 mA 

22 Operating Ranges 

— 9 DC/AC Voltage 

— 4 AC/DC Current | 

— 9 Resistance and Low Power Ohms 

Display HOLD Function 

3 1/2 Digit Resolution in Auto-Range Mode. . 1/2000 

— Extended Resolution in Manual Mode. . . 1/3000 

Memory Mode for Relative 

Measurements ...................05: +5% FS. 

Internal AC to DC Conversion Op Amp-s© 

Triplex LCD Drive for Decimal Points, Digits and 

Annunciators 

Continuity Detection and Piezoelectric Transducer 

Driver 

Compact Surface Mounted 60-Pin Quad Fiat Package 

Low Drift Internal Reference ....... 75 ppm/°C 

9 V Battery Operation ................ 10 mW 

Low Battery Detection and LCD Annunciator 


TSC815_ 


GENERAL DESCRIPTION 


The TSC815 is a 3 1/2 digit integrating analog- © 


to-digital converter with triplex LCD display drive and 
automatic ranging. A display hold function is on-chip. 
Input voltage/ohm attenuators ranging from 1. to 
1/10,000 are automatically selected. Five full-scale 
ranges are provided. The CMOS TSC815 contains all 


the logic and analog switches needed to manufacture | 


an auto-ranging instrument for ohms and voltage 


measurements. User selected 20 mA and 200 mA — 


current ranges are available. Full-scale range and 
decimal point LCD annunciators are automatically set 
in auto-range operation. Auto-range operation is avail- 
able during ohms (high and low power ohms) and 
voltage (AC & DC) measu rements. Auto-ranging elimi- 
nates expensive range switches in hand-held DMM 
designs and makes compact meters easier and less 


costly. to design. The auto-range feature may be © 


bypassed allowing decimal point selection and input 
attenuator selection control through a single line input. 
Expensive rotary switches are not required. 

During manual mode operation resolution is 


extended to 3000 counts full-scale. The extended — 


range operation is indicated by a flashing 1 MSD. The 
extended resolution is available during 2000 kQ and 
2000 V full-scale auto-range operation also. 

| The memory mode subtracts a reading—up to 
+5% of full scale—from subsequent measurements. 
Typical applications involve probe resistance compen- 


_ sation for resistance measurements, tolerance measure- 


ments, and tare weight measurement. 

The TSC815 includes an AC to DC converter 
for AC measurements. Only external diodes/resistors/ 
capacitors are required. 

Acomplete LCD annunciator set describes the 
TSC815 meter function and measurement range during 
ohms, voltage and current operation. AC measurements 
are indicated as well as auto-range operation. A low 
battery detection circuit also sets the low battery 


display annunciator. The triplex LCD display drive . 


levels may be set and temperature compensation 
applied via the Vpisp pin. With HOLD low the display is 
not updated. A HOLD MODE LCD annunciator is 
activated. 

The “low ohms” measurement option allows in 
circuit resistance measurements by preventing semi- 
conductor junctions from being forward biased. 


3 1/2 DIGIT AUTO- RANGING 


ANALOG-TO-DIGITAL CONVERTER 


WITH DISPLAY HOLD 


| A continuity, pier output j is activated with 
inputs less than 1% of full-scale. An overrange input 
signal also enables the buzzer, except during resistance | 
measurements, and flashes the MSD display. Featuring 
single 9 V battery operation, 10 mW power consumption, 
a precision internal voltage reference (75 ppm/°C max. 
TC) and a compact surface mounted 60-pin quad flat 
package, the TSC815 is ideal for portable instruments. 


Ordering Information — 


Temperature 
Part No. Package Range 
_ — 60-Pin Plastic Quad 
TSC815CBQ Flat Package °C to 70°C 
.. Formed Leads a. 
~ 60-Pin Plastic Quad 
TSC815CSQ Flat Package . 0°C to 70°C 


Straight Leads: . 


Pin Configuration 


TSC815 
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Absolute Maximum Ratings 


Supply Voltage (V' to VV) oo... cece ec eecceecceeeeees 15V 
Analog Input Voltage ............. cc cece eee ee Vv" to V 
Reference Input Voltage .............c cece eee Vv" to V- 
Voltage at Pin 43: sahic.0 peas cease Moewe aed GND +0.7 V 
Power Dissipation 

Plastic: PACKAGES: fi hee ieiesee ste ee eeeees 800 mW 
Operating Temperature | 

“DEVICES: 5 ob. aGit ae edule oad oe eeu 0°C to +70°C 


TSC815 


Storage Temperature ................. -65°C to +160°C | 
Lead Temperature (Soldering, 60 sec.) ........... 300° C 


Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 


Electrical Characteristics: vs = 9 v, Ta = 25°C, Figure 1 Test Circuit 


TEST 


TSC815 


CONDITIONS MIN TYP MAX UNIT 
200 mV Range w/o 10 MQ: 


NO. SYMBOL PARAMETER 


-0000 0000 +0000 


Input Resistor Digital 
1 Zero Input Reading 200 mV Range w/10 MQ Input ~0001 — +0001 Reading 
20 mA and 200 mA Range -0000 0000 +0000 
200 mV Range w/o 10 MQ _ _ +4 
Input Resistor | “ 
2 RE Rollover Error 200 mV Range w/10 MQ Input — — +3 Count 
20 mA and 200 mA Range — —_ +1 
NL Linearity Error Best Case Straight Line — = +1 ~ Count 
liN Input Leakage Current — — 10 pA 
En Input Noise BW = 0.1 to 10 Hz — 20 —_ UVp-—p 
6 AC Frequency Response +1% Error = e000 Hz 
+5% Error — 40to 2000 — 
Open Circuit Voltage _ 
7 for OHM Measurements Excludes 200 9 Range 570 660 mV 
Open Circuit Voltage a2 
8 . for LO: OHM Measurement Excludes 200 2 Range | 285 350 mV 
9  Vcom Analog Common Voltage (V* -Vcom) 2.5 2.6 3.3 V 
| Common Voltage. a — 7 0 
i Vere Temperature Coefficient 20. SPPIMeG 
TA 3 Display Multiplex Rate — 100 —_ Hz 
20 mA, AC, |, Low 0, HOLD 
12 Vit Low Logic Input Range, -MEM, OHMs — — 1 V 
(Relative to DIG GND Pin 56) 
20 mA, AC, |, Low 0, HOLD 
13 Logic 1 Pull Up Current Range, -MEM, OHMs — 25 —_ BA 
(Relative to DIG GND Pin 56) 
14 Buzzer Drive Frequency — 4 — kHz 
15 Low Battery Flag Voltage Vcc to Vssa 6.3 6.6 7.0 V 
16 Operating Supply Current | — 0.8 1.5 mA 
Note: 


1. 200 M range open circuit voltage approximately 2.8 V. 
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3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 
WITH DISPLAY HOLD 


TSC815 


Pin Description and Function Table 1: 


PINNO. | | 
(Quad Flat SYMBOL DESCRIPTION | 
Package) a 
| 4 OHM |. Logic Input. “0” (Digital Ground) for resistance measurement. 
ie ~20mA —_—_Logic Input. “0” (Digital Ground) for 20 mA full- scale current measurement: 

3 ~BUZ Audio frequency, 4 kHz, output for continuity indication during resistance measurement. A non- 
continuous 4 kHz signal is output to indicate an input overrange during voltage or current 
measurements. 

4 XTAL1 32.768 kHz Crystal Connection. 

Bi = —XTAL2 32.768 kHz Crystal Connection. 

6 VDISP — Sets peak LCD drive signal: VP = VCC-VDISP. VDISP may also be used to compensate for. 

a a . temperature variation of LCD crystal threshold voltage. 

7 BP1 LCD Backplane #1. 

8 BP2 LCD Backplane #2. 
9 BP3 LCD Backplane #3. 
10 Low 2/A ~~ LCD Annunciator segment drive for low ohms resistance measurement and current measurement. 
11 Q/V LCD Annunciator segment drive for resistance measurement and voltage measurement. 
12 -. K/m/HOLD LCD Annunciator segment drive fork (“kilo- ohms”), m (“milli-amps” and “milli- volts”) and HOLD 
mode. ; 
13. 3 BCPO LCD segment drive for “b,” “c” segments and decimal point of least significant digit (LSD). 
| _ (Ones digit). : a 3 
14 | AGDO ~~—_LCD segment drive for “a,” “g,” “d” segments of LSD. 
15 FEO LCD segment drive for “f” and “e” segments of LSD. 
16 _ BOP1 LCD segment drive for “b,” “c” segments and decimal point of 2nd LSD. 
17 AGD1 LCD segment drive for “a,” “g,” “d” segments of 2nd LSD (Ten’s digit). 
18 FE1 LCD segment drive for “f,” and “e” segments of 2nd LSD. 
19 BCP2 LCD segment drive for “b,” “c,” and decimal point of 3rd LSD. iaundied digit). 
20 AGD2 LCD segment drive for “a,” “g,” “d” segments of 3rd LSD. 
21 FE2 LCD segment drive for “b” and “c” segments of 3rd LSD. . | 
22 BCP3 LCD segment drive for “b,” “c” segments and decimal point of MSD (Thousand Ss digit). 
23 AC/-/AUTO LCD annunciator drive signal for AC measurements, polarity, and auto-range operation. 
24 eer LCD annunciator drive signal for low battery indication and memory (relative measurement) 
mode. | | : 
25 | VSSD Negative battery supply connection for internal digital circuits. Connect to negative terminal 
of battery. 
26 © VCC Positive battery supply connection. 
27 COM Analog circuit ground reference point. Nominally 2. 6 V below VGC. 
28 RMREFH Ratiometric (Resistance measurement) reference high voltage. 
(29 RMREFL Ratiometric (Resistance measurement) reference low voltage. 
30. CREFL Reference capacitor negative terminal CREF = 0.1 uf. | 
31 CREFH Reference capacitor positive terminal CREF = 0.1 uf. 
32 REFHI Reference voltage for voltage and current measurement. Nominally 163.85 mV. 
33 OR1 Standard resistor connection for 200 1 full-scale. 
34 OR2 Standard resistor connection for 2000 {) full-scale. 
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TSC815 


Pin Description and Function Table 1: 


PIN NO. 
(Quad Flat 
Package) 


35 
36 
37 
38 


SYMBOL 


OR3 
OR4 
ORS 
VR3 


DESCRIPTION 


Standard resistor connection for 20 kf full-scale range. 
Standard resistor connection for 200 kO full-scale range. 
Standard resistor connection for 2000 kQ full-scale range. 


Voltage measurement + 100 attenuator. 


39 
40 


VR2 


Voltage measurement + 10 attenuator. 


Voltage measurement + 10,000 attenuator. 


41 
42 


Voltage measurement + 1000 attenuator. 


Unknown voltage input + 1 attenuator. 


43 
44 


Unknown current input. 


Low output of AC to DC converter. 


45 


Integrator capacitor connection. Nominally 0.1 uf. (Low dielectric absorption. Polypropylene 


46 
47 


dielectric suggested). 
Auto-zero capacitor connection. Nominally 0.1 yf. 


Unknown resistance input. 


48 
49 


Input filter connection. 


Negative input of internal AC to DC operational amplifier. 


50 
51 


Output of internal AC to DC operational! amplifier. 


Active buffer output for resistance. measurement. Integration resistor connection. Integrator 


52 


ROBUF 


RVIBUF 


resistor nominally 220 kQ. 


Active buffer output for voltage and current measurement. Integration resistor connection. 


53 
54 


ACVH 
_VSSA 


Integration resistor nominally 150 kQ. 
Positive output of AC to DC converter. 


Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery. 


55 
56 
57 
58 


DIG GND 
RANGE 


Internal logic digital ground. The logic “O” level. Nominally 4.7 V below VCC. 
Input to set manual operation and change ranges. 
Input to hold display. connect to DIG GND. 


Input to enter memory measurement mode for relative measurements. The two LSD’s are stored 


59 


60 


and subtracted from future measurements. 


Input that selects AC or DC option during voltage/current measurements. For resistance 
measurements, the ohms or low power (voltage) ohms option can be selected. 


Input to select current measurement. Set to logic “O” (Digital ground) for current measurement. 
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8S-2 


L oinbig 


WNDID SOL B UONeoddy jeodAL 


CURRENT 
INPUT 


VOLTAGE 
INPUT © 


COMMON O 


0.04 


TRI-PLEX 


LCD BIAS LCD DISPLAY 


So 2 Go 
AC fs; OOO) ko 
06.0.0 mal ~~ 


a Ea e lel eile eahataled a ; 
17 13 3 a4 32.768 kHz 


IF LCD BIAS CONNECTED TO DIG GND, 
PEAK DRIVE SIGNAL ~5 V. 


0.1 pf 
\/ 


R7/100kQ 


47 {6 


R BP1 BP2 BP3 A QN Kh —MEM/BCP3 FE2 AGD2BCP2 FE1AGD1 0 AGDO BCPO MB (~33 
R8/220 2 (PTC) RE/100K2 99 x VDISP LOM/ es MEM BC 3 2 FE BCP1FE : (33 kHz) 
: RMREFL | | AC/—/AUTO | | | XTAL2 ay] 
R5/1.6385MQ 37 BACKPLANE DISPLAY 100's 10's Vs 26 + 7 
POSITIVE QRS (+ 10,000) DRIVERS - ANNUNCIATORS 1000's vec i 
TEMPERATURE . 
COEFFICIENT RA/G3.85K2 46 54 ome) 
RESTOR OR4 (+ 1,000) SEGMENT & DECIMAL POINT DRIVE 
R3/16.385k2 5 OHMS RANGE el 
QR3 (+ 100) ATTENUATOR VSSD 
21 R2G3B82 34H Oo (= 10) = 
6.2V eee , 
yy, RUIEZ85O 330 a (= ay Vo 
SiIB 2QE 
: 43 2 
O : i 20mAOQO 
20mA 
: . 200mA O 
oT ww 7. ee TSC815 toes “Mo 
922 ; . : - —_——— 
3 1/2 Digit Auto-Ranging DMM onms 26 
v with HOLD Function ee er 
200mA R16 
VV O 
12 : 20mA 
60 
Wa ; 
“R13 * ~ O 200mA 
R14/9.9MQ 500kK2 = 42 zt peat — —_. § 59 
Vv, 1) DC/AC OR 2/LOW 2 —O O 
RI2/1.171M2_ gh OC eet, eee a8 
\ = Vag (+ 10) , MANUAL RANGE O 
R11/101k2 43g _ VOLTAGE RANGE CHANGE F- ———- 
V3 (= 100) ATTENUATOR _Mem p22 0 O 
R10/10k2 gy Ving (+ 1,000) RMREFH § 28 
a ; ANALOG 
Vrs (= 10,000) | apo ACVH —ACVL RQBUF RVIBUF CAZ INT HOLD CIF CREFL CREFH COM REFHI 
40 {50 - R21/2.2Me0 53 44 52 [46 [45 [57 Jas [30 . [31 |27 }32 | 
CAZ |CINT R20 = 163.850mV 
R22/470k2 Cut 150 100 | CREF 
k2 “Tou | 0.1p¢ kQ WA TO vcc 
\7 A.7ut C4a/tut C2/0.22pf 0.1uf R19/5kK2 R18/24kK2 
D2 V 
R23/10k2 C6 
0.01uf 
R26/3KQ RQBUF RVIBUF 
: C5/1yf ba 
pie See! | R27/2k2 a 


V 


*NOT REQUIRED WHEN RESISTOR NETWORK IS USED. 
SEE PAGE - 18 FOR DETAILS. : 


SI80SL 


GOH AV1dSIC HLIM 


YALYIANOD TWLIDICG-O1-DO1VNV 
ONIDNVY-OLNV LIDIC 2/1 € 
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Slee" DOE Maem anim = 
. Ve 
vcco | 
R7/100k 2 ary 47! Wala 
bool RA OY 9 S12V4 4 TSC815 10k 2 | 
| i | 
INPUT R8/22022 R6/100k 2 RMREFL 29 ay $21 DER ee 
PTC ] $44 Q-HI 2 I 
(PTC) R5/1.6385M2_— Re 37 ayy S24 2 1/10k 
0.01 uf 15k | 
R4/163.85k2. | 2. | 
. QR, 36 $25 1/1k ! 
1 Q. 0 $43 2°LO 2 \ 
R3/16385Q QRy as | el ‘ A $26 1/100 + . t 
| Q. C) 28v rk | 
21 | R2/1638.52 QR» 34 | 527. {1/1 ~ : \ 
O Oo Oo REF AMP i 
6.2 V ! Q. f I 
VV R1/163.852 QR, 33 | s2g 11/1 | 
CURRENT —— re 
INPUT © O.O0 O O ! 
0 | $33 \S32\$31 \s30 \ $29 | 
20mA | ) e e () ! 
| Q. TQ. TQ. TQ F2-1/10K I 
¥/1 {1/10 {1/100} 1/1k 
O | 
200mA | $10 | 
| 0 
R16/12 
i 
| 
| 
O O J 
$23 __ $22 { 
DE-2 DE-2 | 
VOLTAGE ¢ 7 
INPUT R14/9.9MQ I 
| 
* { V; | 
R13/500kQ 1/10 | 
I ©) © 
| $20 DE | 
| 
R12/1.111M2_— Vy 39 | | 
O 1 
R11/101kK2 Vag 38 | lence. 
O | 
R10/10k22 Vag 41! | O 
$18 DE 
COMMON R9/1kQ V-1/10k O 
AC TO DC $19 DE+ 2 
CONVERTER OP AMP 
© O. 
Q+ AC S16 DE+ © Osi7 DE~ 
1 
| 
C2/0.22ut $13 0 INT*(Q + DC) 
ACVH 53 
0 | 
$14 INT: S2-AC | 
BUFFER Yr o 
é O . - §38 AZ { 
R27/2kQ nevus 15 A . 
©) 
; $40 oa ae 
INT: S2-AC 1 
$35 S37¢ 1 
! i aa : 
| 
Oo COMPARATOR u 
$39 INT +2+ DC 
! 3 Ld INTEGRATOR | 
i O O | 
3 y | 
| O O 1 
L $34 2 | 
ini - ~ 51 152 | 46 45 
*NOT REQUIRED WHEN RESISTOR NETWORK IS USED. O RQ Prvi Pcaz INT 
SEE PAGE - 18 FOR DETAILS. BUF | BUF 
220 $150 
RBUFQL S40 Sho = Ootat = O.1uf 
RBUFQ 


Figure 2: TSC815 Analog Section 
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O 
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O 


=163.85mV 
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O 
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3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER | 
WITH DISPLAY HOLD 


Resistance, Voltage, Current 
Measurement Selection 


The TSC815 is designed to measure voltage, current, and 
resistance. Auto-ranging is available for resistance and vol- 
tage measurements. The OHMS (Pin 1) and | (Pin 60) input 
controls are normally pulled internally to Vcc. 


By tying these pins to Digital Ground (Pin 56), the TSC815is | 


configured internally to measure resistance, voltage, or 
current. The required signal combinations are shown in 
Table 2. 


Table 2: TSC815 Measurement Selection Logic 


‘Function Select Pin 


OHM (Pin 1) .1 (Pin 60) Selected Measurement 
0 0 Voltage 
0 1 Resistance 
1 0 Current 
1 1 Voltage 


0 = Digital Ground 


1 = Floating or Tied to Vcc 
Notes: | 
1. OHM & 1 are normally pulled internally high to VCC (Pin 


26). 
This is considered a logic “1.” 


2. Logic “O” is the potential at digital ground (Pin 55). 


Resistance Measurements — 
OHMS & Low Power OHMS 


The TSC815 can be configured to reliably measure in-circuit 
resistances shunted by semiconductor junctions. The TSC815 
low power ohms measurement mode limits the probe open 
circuit voltage. This prevents semiconductor junctions in the 
measured system from turning on. 


In the resistance measurement mode the 0/LOWQ (Pin 59) 
input selects the low power ohms measurement mode. For 
low power ohms measurements 0/LOWQD (Pin 59) is momen- 


tarily brought low to digital ground potential. The TSC815 ~ 


sets up for a low power ohms measurement with a maximum 
open circuit probe voltage of 0.35 V above analog common. 
In the low power ohms mode an LCD display annunciator, 
LOW), will be activated. On pone up ne low power ohms 
mode is not active. 


If the manual operating mode has been selected, toggling © 
0/LOWD. will reset the TSC815 back to the auto-range mode. | 
In manual mode, the decision to make a normal or low power -- 


ohms measurement should be made before selecting the 
desired range. 
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The low power ohms measurement is not available on the 
100 12 full-scale range. Open circuit voltage on this range is 
below 2.8 V.. 


The standard resistance values are listed in Table 3. 


Table 3: Ohms Range Ladder Network | 
Low Power 


Full-Scale Standard | 

Range Resistance Ohms Mode 
200 0 163.85 © (R1) | NO © 
2000 () 1638.5 © (R2) . YES 

20 kd 16,358 () (R3) YES 
200 kQL 163850 © (R4) YES 
2,000 kd 1,638,500  (R5) YES 


N/A = Not available. - 


R8, a positive temperature coefficient resistor, and the 6.2 V 
zener, Z1 in Figure 1 provide input voltage protection during 
ohms measurements. 


Ratiometric Resistance Measurements 


The TSC815 measures resistance ratiometrically. Accuracy is 
set by the external standard resistors connected to Pin 33 
through 37. A low-power ohms mode may be selected on all 
but the 200 © full-scale range. The low power ohms mode 
limits the voltage applied to the measured system. This allows 
accurate “in-circuit” measurements when a resistor is shunted 
by semiconductor junctions. 


Full auto-ranging is provided. External precision standard 
resistors are peeeneeny switched to provide the proper 
range. 


Figure 3 shows a detailed block diagram of the TSC815 con- 
figured for ratiometric resistance measurements. During the 
signal integrate phase the reference capacitor charges to a 
voltage inversely proportional to the measured resistance- 
RX. Figure 4 shows the conversion accuracy relies on the 
accuracy of the external standard resistors only. 


Normally the required accuracy of the standard resistances 
will be dictated by the accuracy specifications of the users 
end product. Table 4 gives the equivalent ohms per count for 


various full-scale ranges to allow users to judge the required 


resistor accuracy. 


Table 4: Reference Resistors 


ae Resistor oc 
200 163.85 0.1 

2k 1638.5 1 

20 k 16385 10 

200 k 163850 100 
OM 1638500 1000 
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OHMS 10kS2 2 
O 


~1.5kQ 
2 
LOW OHMS 
O 
O vcc 
*10k | =1k [+100 | +10 : 
VOLTAGE 
REFERENCE 


Vcc - 26V 


vcc 
6 
8 

O 


\/ ANALOG 
COMMON 


NW. 1SC815 


R6/100 kQ —— ~ RATIO METRIC RESISTANCE MEASUREMENT — 


R7/100 kQ <5? 
$35 
2 


Ry > UNKNOWN INTEGRATOR COMPARATOR 


V/ ANALOG COMMON 


RVIBUF 


Figure 3: Ratiometric Resistance Measurement Functional Diagram 


Voltage Measurement The OHM input (Pin 1) is left floating or tied to the positive 
Resistive dividers are automatically changed to provide in apes . 
range readings for 200 mV to 2000 V full-scale readings Two ranges are possible. The 20 mA full-scale range Is 
(Figure 2). The input resistance is set by external resistors selected by connecting the 20 mA input (Pin 2) to digital 
R14/R13. The divider leg resistors are R9-R12. The divider leg ground. If left floating the 200 mA full-scale range is selected. 
resistors give a 200 mV signal VI (Pin 42) for full-scale vol- External current to voltage conversion resistors are used at 
tages from 200 mV to 2000 V. the lr input (Pin 43). For 20 mA measurements a 10 1 resistor 
For applications which do not require a 10 mQ input impe- is used. the 200 mA range needs a 1 1) resistor. Full-scale is 
dance the divider network impedances may be lowered. This 200 mV. 

will reduce voltage offset errors induced by switch leakage PC board trace resistance between analog common and R16 
currents. (See Figure 1) must be minimized. In the 200 mA range, for 


example, a 0.05 trace resistance will cause a 5% current to 
voltage conversion error at |) (Pin 43). 


Current Measurement The extended resolution measurement option operates during 


The TSC815 measures current only under manual range current measurements. 


operation. The two user selectable full-scale ranges are: To minimize rollover error the potential difference between 
20 mA and 200 mA. Select the current measurement mode by analog common (Pin 27) and system common must be 
holding the | input (Pin 60) low at digital ground potential. minimized. 
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Example: 200 k{) Full-Scale Measurement 


(a) 


{| 0.64. V For OHMS =} 


VA = 
| 0.32 V For LO OHMS | 


TO ANALOG 
BUFFER 


(d) 


VR = 


VX 


163.85 kQ | 
163.85 + 220 + RX 
RX | 


163.85 kM + 220 Q + RX 
+ RX 


“Ramp Up Voltage” = “Ramp Down Voltage” 


x 0.64 


xX 0.64 


VX 
RiCi 


VR Tbe 
RiCi 


XT) = 


Where: 


Ri = Integrating Resistor, 


Ti = Integrate Time 


C; = Integrating Capacitor, Tpe = Deintegrate Time 


RX 


= baa | 


TDE 
TI 


Independent of Ri, Ci or Internal Voltage Reference 


Figure 4: 


y nN SIGNAL REFERENCE 

(h TSC815 INTEGRATE DEINTEGRATE 
PHASE PHASE 

AUTO-ZERO 


ge NEXT CONVERSION 
PHASE 


AUTO-ZERO CYCLE 
- EXTENDED 
RESOLUTION 
ZERO 
CROSSING 


— 2 | <r | J —_—___—_r- 


FIXED 
1638.5 Tp 


* 
MIN. AUTO-ZERO MAX. 
TIME 3000.0 Tp . 
*IN AUTO-RANGE OPERATION 
MAXIMUM IS 2000 Tp AND 


MINIMUM AUTO-ZERO TIME 
IS 4361.5 Tp 


— T, ——— Top 


“TO INPUT 
SIGNAL 


<< —_—-—_——______ Tconv = 8000 Tp ————___»» 


Figure 5: Basic TSC815 Conversion Timing. 


Measurement Options 
AC to DC Measurements 


In voltage and current measurements the TSC815 can be 
configured for AC measurements. An on chip operational 
amplifier and external rectifier components perform the AC 
to DC conversion. 


When power is first applied the TSC815 enters the DC mea- 
surement mode. For AC measurements (current or voltage), 
AG/DC (Pin 59) is momentarily brought low to digital ground 
potential; the TSC815 sets-up for AC measurements and the 
AC liquid crystal display annunciator activates. Toggling 
- AC/DC low again will return the TSC815 to DC operation. 


‘If the manual operating mode has been selected toggling 
AC/DC will reset the TSC815 back to the auto-range mode. In 


Resistance Measurement Accuracy Set by External Standard Resistor 


External Crystal = 32.768 kHz 
Internal Clock Period = Tp = 2/32.768 = 61.04 us 


Total Conversion Time = Tconv = 8000 (Tp) 

= 488.3 ms ~ 2 CONV/SEC 

Integration Time = T| = 1638.5 (Tp) = 100.0 ms 
Maximum Reference Deintegrate Time 


= Tpe = 3000 (Tp) = 183.1 ms (Manual, Extended Resolution) 
= 2000 (Tp) = 122.1 ms (Auto-Range) | 


Minimum Auto-Zero Time 


= (8000-3000- 1638.5) 


= (8000-2000- 1638.5) 


(Tp) = 205.1 ms (Manual, Extended 
Resolution) 
(Tp) = 266.2 ms (Auto-Range) 


The minimum AC voltage full-scale voltage range is 2V. The 


— DC full-scale minimum voltage is 200 mV. 


AC current measurements are available on the 20 mA and 
100 mA full-scale current range. 


manual mode operation AC or DC operation should be. 


selected first and then the desired range selected. : 
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Conversion Timing 


The TSC815 analog-to-digital converter uses the conven- 
tional dual slope integrating conversion teghnique with an 
added phase that automatically eliminates zero offset errors. 
The TSC815 gives a zero reading with a zero volt input. 


The TSC815 is designed to operate with a 32.768 kHz crystal. 


The 32 kHz crystal is low cost and readily available; it serves 
as a time base oscillator crystal in many digital clocks. (See 
External Crystal Sources). 


The external clock is divided by two. The internal clock fre- 
quency is 16.348 kHz giving a clock period of 61.04 us. The 
total conversion — auto-zero phase, signal integrate and 


PRODUCT INFORMATION 


reference deintegrate — requires 8000 clock periods or 488.3 
ms. There are approximately two complete conversions per 
second. 


The integration time is fixed at 1638.5 clock periods or 100 
ms. This gives rejection of 50/60 Hz AC line noise. 


The maximum reference deintegrate time, representing a full- 
scale analog input, is 3000 clock periods or 183.1 ms during 
manual extended resolution operation. The 3000 counts are 
available in manual mode, extended resolution operation only. 
In auto-ranging mode the maximum deintegrate time is 2000 
clock periods. The 1000 clock periods are added to the auto- 
zero phase. An auto-ranging or manual conversion takes 
8000 clock periods. After a zero crossing is detected in the 
reference deintegrate mode, the auto-zero phase is entered. 


Figure 5 shows the basic TSC815 timing relationships. 


Manual Range Selection 


The TSC815 voltage and resistance auto-ranging feature 
can be disabled by momentarily bringing RANGE (Pin 56) to 
digital ground potential (Pin 55). When the change from 
auto-to-manual ranging occurs the first manual range se- 
lected is the last range in the auto-ranging mode. 


The TSC815 power-up circuit selects auto-range operation 
initially. Once the manual range option is entered, range 
changes are made my momentarily grounding the RANGE 
control input. The TSC815 remains in the manual range 
mode until the measurement function (voltage or resistance) 
or measurement option (AC/DC, 0/LO Q) changes. This 


Table 5: Manual Range Operation 


TSC815 


causes the TSC815 to return to auto-ranging operation. 


The “Auto” LCD annunciator driver is active only in the auto- 
range mode. 


Table 5 shows typical operation where the manual range’ 
selection option is used. Also shown is the extended resolu- 
tion display format. 


Extended Resolution Manual Operation 


The TSC815 extends resolution by 50% when operated in the 
manual range select mode for current, voltage, and resis- 
tance measurements. Resolution increases to 3000 counts 
from 2000 counts. The extended resolution feature operates 
only on the 2000 k{) and 2000 V ranges during auto-range 
operation. ; 


In the extended resolution operating mode readings above 
1999 are displayed with a blinking “1” most significant digit. 
The blinking “1” should be interpreted as the digit 2. The 
three least significant digits display data normally. 


An input overrange condition causes the most significant 
digit to blink and sets the three least significant digits to 
display “000”. The buzzer output is enabled for input voltage 
and current signals with readings greater than 2000 counts in 
both manual and auto-range operation. 


For resistance measurements the buzzer signal does not 
indicate an overrange condition. The buzzer is used to indi- 
cate continuity. Continuity is defined as a resistance reading 
less than 19 counts. 


au pevorts | ~—ACvoLTs.—=«[—~=~*~C~«S RK SSSCSC~*d;CSC*ROO 
POWER-ON 200 mV “1700.0 mv | 2V “4000 V 200 “100.0 0 2k = “1”.000 kn 
AUTO-RANGE __2 ¥ “1".000 V 2kQ —“1”.000 kN 10kQ = “1"0.00 kn 
OPERATION 20V “40.00 V Po 20 KM 18.20 KY 200kN “1”00.0 ka 

#of RANGE CHANGES lJ™ | 

“LJ- RANGE DISPLAY RANGE DISPLAY 
- : 2  200mv “100.0 mv | 2V “4.000 V 200 “400.0 0 2k “1.000 kN 
AE 3. 2V 1.000 V 2k ~~ “1.000 ka 20kQ “10.00 kO 
: 6  1000V 24V QV “1”.000 V 2kQ “1”.000 kn 
7 200 mv “400.0 mV 200002 ~=— "100.09 20kQ “10.00 kN 
8 2V “4.000 V 2kQ = “1”.000 ka 200k “1"00.0 ka 
Notes: 3. A flashing MSD with a non-zero display indicates the TSC815 has entered 


1. A flashing MSD is shown as a‘“1”. A flashing MSD indicates the TSC815 is 
over-ranged if all other digits are zero. 
2. The first manual range selected is the last range in the auto-ranging mode. 
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the extended resolution operating mode. An additional 1000 counts of reso- 
lution is available. This extended operation is available only in manual 
operation for voltage, resistance and current measurements. 

4. ~1L_JS~ = momentary ground connection. 


TSC815 


MANUAL 
RANGE 
SELECT 


CONTINUITY 
INDICATOR 


OUTPUT 4 kHz 
AUDIO 
FREQUENCY 


CONTINUOUS 4 kHz 
BUZZER OVER-RANGE 


INDICATOR 


DISPLAY 
“ "4" 000 


“1" = >FLASHING MSD 


DISPLAY. LAST 
3 DIGITS AND 
‘| FLASH MSD 


- EXTENDED 
RESOLUTION 
FEATURE 


NO ; 
_ DISPLAY nee , 
TRUE 
READING 


*MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION IS 
SELECTED AND 2.MQ <RX <2.999 M22 : 


Figure 6: Manual Range Selection; 
Resistance Measurement 


NON-CONTINUOUS 


OUTPUT 4 kHz 
AUDIO 
FREQUENCY 


OVER-RANGE INDICATOR 


DISPLAY 
“1"" 000 


"4" = >-FLASHING MSD 


DISPLAY LAST 
3 DIGITS 
AND FLASH MSD 


“WN TSC815 
DISPLAY 

TRUE ; ‘a 
READING 


Figure 7: Manual Range Selection; 
Current Measurement 


-MEM Operating Mode 


Bringing MEM (Pin 58) momentarily low configures the 
TSC815 “-MEM” operating mode. The -MEM LCD Annun- 
ciator becomes active. in this operating mode subsequent 
measurements are made relative to the last two digits (<99) 
displayed at the time MEM is low. This represents 5% of full- 
scale. The last two significant digits are stored and subtracted 
from all the following input conversions. 


1-64 
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r 
~ TSC815 


OUTPUT NON- 
CONTINUOUS 
4 kHz AUDIO 
FREQUENCY 


RANGE 
SELECT 


OVER-RANGE INDICATOR 


DISPLAY 
“1” 000 


“1” = >FLASHING MSD 


DISPLAY LAST 
| 3 DIGITS AND 


FLASH MSD 


EXTENDED RESOLUTION 
FEATURE 


Figure 8: Manual Range Selection; 
Voltage Measurement 


A few examples clarify operation: . 
Example 1: In Auto-Ranging 


Ri (N) = 18.21 kQ (20 kQ Range ) = > Display 18.21 kQ 
MEM ~-LJ~ => Store 0.21 kQ 


Ri (N+1) = 19.87 kQ. (20 kQ Range) 
=> Display 19.87 - 0.21 = 19.66 kQ 


Ri (N+2) = 22.65 kQ (200 kQ. Range) 
aoe Display 22.7 kQ & MEM Disappears 


Example 2: In Fixed Range 200.0 2 Full-Scale 


Ri (N) = 18.2 © => Display 18.2 0 
MEM LJ => Store 8.2 0 


Ri (N+1) = 36.7 © 
= > Display 36.7 - 8.2 = 28.5 


Ri (N+2) = 5.8 0 
= > Display 5.8 - 8.2 = -2.4 0” 


* Will display minus resistance if following input is less than 
offset stored at fixed range | 


Example 3: In Fixed Range 20.00 V Full-Scale 
Vi (N) = 0.51 V => Display 0.51 V 
MEM LJ™ => Store 0.51 V 
Vi (N+1) = 3.68 V 
= > Display 3.68 - 0.51 =3.17 V 
Vi (N+2) = 0.23 V 
= > Display 0.23 - 0.51 
Vi (N+3) = -5.21 V 
= > Display -5.21 - 0.51 =-5.72 V 


-0.28 V 


PRODUCT INFORMATION 


On Power up the TSC815 “-MEM” mode is not active. Once 
the “-MEM” is entered bringing MEM low again it returns the 
TSC815 to normal operation. 


The “-MEM” mode is also cancelled whenever the measure- 
ment type (resistance, voltage, current, AC/DC,0/LO Q) 
or range is changed. The LCD -MEM annunciator will be off 
in normal operation. 


In auto-range operation if the following input signal cannot 
be converted on the same range as the stored value, the 
“-MEM"” mode is cancelled. The LCD annunciator is turned 
off. 


The “-MEM” operating mode can be very useful in resistance 
measurements when lead length resistance would cause 
measurement errors. 


Automatic Range Selection Operation 


When power is first applied the TSC815 enters the auto- 
range operating state. The auto-range mode may be entered 
from manual mode by changing the measurement function 
(resistance or voltage) or by changing the measurement 
option (AC/DC, 9/LOQ). 

The automatic voltage range selection begins on the most 
sensitive scale first: 200 mV for DC or 2.000 V for AC mea- 


surements. The voltage range selection flow chart is given in 
Figure 9. 


Internal input protection diodes to VCC (Pin 26) and VSSA 
(Pin 54) clamp the input voltage. The external 10 MQ input 


resistance (See Figure 1,R14 and R13) limits current safely in | 


an overrange condition. 


The voltage range selection is designed to maximize resolu- 
tion. For input signals less than 9% of full-scale (count reading 
<180) the next most sensitive range is selected. 


An overrange voltage input condition is flagged whenever the 
internal count exceeds 2000 by activating the buzzer output 
(Pin 3). This 4 kHz signal can directly drive a piezo electric 
acoustic transducer. An out of range input signal causes the 
4 kHz signal to be on for 122 ms, off for 122 ms, on for 122 ms, 
and off for 610 ms (See Figure 15). 


During voltage auto-range operation the extended resolution 
feature operates on the 2000 V range only (See extended reso- 
lution Operating mode discussion). 


The resistance automatic range selection procedure is shown 
in Figure 10. The 200 © range is the first range selected unless 
the TSC815 low ohms resistance measurement option is 
selected. In low ohms operation the first full-scale range tried 
is 2 kQ. 


The resistance range selected maximizes sensitivity. If the 
conversion results in a reading less than 180 the next most 
sensitive full-scale range is tried. 


If the conversion is less than 19 in auto-range operation a 
continuous 4 KHz signal is output at BUZ (Pin 3). An overrange 
input does not activate the buzzer. 
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TSC815 


Out of range input conditions are displayed by a blinking most 
significant digit with the three least significant digits set to 
“000.” 


The extended resolution feature operates only on the 2000 k?? 
and 2000 V full-scale range during auto-range operation. A 
blinking “1” most significant digit is interpreted as the digit 2. 
The three least significant digits display data normally. 


IR 


.0 mV FULL-SCALE RANGE 
.000 V FULL-SCALE RANGE 


(REMAIN IN RANGE SELECTED 
DURING THE K th CONVERSION) 


EXTENDED 
RESOLUTION 


ACTIVATE 
BUZZER 


. OVER-RANGE 
DISPLAY “1” 000 
FLASH MSD 


START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 


Figure 9: Auto-Range Operation; 
Voltage Measurement 


TSC815 


al vseais 


Q FULL-SCALE RANGE 
kQ FULL- eel RANGE 


N=OIFQ |. |. 
N= TIFLOQ 


K th 
CONVERSION 


( REMAIN IN RANGE SELECTED | 
DURING THE K th CONVERSION) 


CONTINUITY 
INDICATOR 


EXTENDED RESOLUTION 


START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 


Figure 10: Auto-Range Operation; 


Resistance Measurement 
_———— 


LOW BATTERY DETECTOR 


co TO LCD 
- ANNUNCIATOR 
PARATOR _ SELECTION 
LOGIC 


LOW BATTERY ANNUNCIATOR DISPLAYED FOR Vgyppyy <7 V 


Figure 11: Low Battery Detector 


3 1/2 DIGIT AUTO-RANGING 
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WITH DISPLAY HOLD 


Low Battery Detection Circuit 


The TSC815 contains a low battery detector. When the 9V 
battery supply has been depleted to a 7 V nominal value the 
LCD display low battery annunciator is activated. 


The low battery detector is shown in Figure 11. The low battery 
annunciator is guaranteed to remain OFF with the battery 
supply greater than 7.0 V. The annunciator is guaranteed to 
be ON before the supply battery has reached 6.3 V. — 


Triplex Liquid Crystal Drive 

The TSC815 directly drives a triplexed liquid crystal display 
(LCD) using 1/3 bias drive. All data, decimal point, polarity 
and function annunciator drive signals are developed by the 
TSC815. A direct connection to a triplex LCD display is 
possible without external drive electronics. Standard and 
custom LCD displays are readily available from LCD manu- 


‘facturers. 


The LCDs must be driven with an AC signal having azero DC 
component for long display life. The liquid crystal polariza- 
tion is a function of the RMS voltage appearing across the 
backplane and segment driver. The peak drive signal anes 
to the LCD is: VCC-VDISP. 


If VDISP, for example, is set at a potential 3 V below VCC the 
peak drive signal is: 


Vp = VCC-VDISP =3 V 


An “OFF” LCD segment has an RMS voltage of Vp/3 across it 
or 1 volt. An “ON” segment-has a 0.63 Vp signal across it or 
1.92 V for VCC-VDISP = 3 V. 


Since the VDISP pin is available the user may adjust the “ON” 
and “OFF” LCD levels for various manufacturer’s displays by 
changing Vp. Liquid crystal threshold voltage moves down 
with temperature. 


TO 
TRIPLEX 
SEGMENT 
DRIVE 
LOGIC 
VL 
SET VDISP 
FOR PROPER V 
_| with resistive 
DIVIDER 


“ TSC815 | 


1§__o vpisp 


Vp = VCC - VDISP 
“OFF” = Vp/3_ RMS 
1) Vp RMS 
3V3 


‘Figure 12: 1/3 Bias LCD Drive 
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“OFF” segments may become visible at high LCD operating 
temperatures. A voltage with a -5 to-20 mV/°C temperature 
coefficient can be applied to VDISP to accommodate the 
liquid crystal temperature operating characteristics if 
necessary. 


The TSC815 internally generates two intermediate LCD drive 
potentials (VH & VL) from a resistive divider (Figure 12) 
between VCC (Pin 26) and VDISP (Pin 6). The ladder impe- 
dance is approximately 150 kQ. This drive method is 
commonly known as 1/3 bias. With Vpisp connected to digital 
ground Vp= 5.0 V. 


The intermediate levels are needed so that drive signals 
giving RMS “ON” and “OFF” levels can be generated. Figure 
13 shows a typical drive signal and the resulting wave forms 
for “ON” and “OFF” RMS voltage levels across a selected 
LCD element. 


LCD Displays 


Although most users will design their own custom LCD 
display, several manufacturers offer standard displays for the 
TSC815. Figure 14 shows a typical display available from 
Varitronix. 
1. Varitronix Ltd. 

9/F Liven House, 61-63, King Yip Street 

Kwun Tjong, Hong Kong 

Tel: 3-410286 

TELEX: 36643 VTRAX HX 
Part No.: VIM 310-1 Pin Connector 

VIM 310-2 Elastomer Connector 

USA Office: 

VL Electronics Inc. 

3161 Los Feliz Blvd. 

Suite 303 

Los Angeles, CA 90039 

Tel: (213) 661-8883 

TELEX: 821554 
2. Adamant Kogyo Co., LTD. 
16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan 
Tel: Tokyo 919-1171 


BP2 0!-—--— 


Figure 13: Triplex LCD Drive Waveforms 
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TSC815 
External Crystal 


The TSC815 is designed to operate with a 32,768 Hz crystal. 
This frequency is internally divided by two to give a 61.04 us 
clock period. One conversion takes 8000 clock periods or 
488.3 msec (~ 2 conversions/second). Integration time is 
1638.5 clock periods or 100 ms. 


The 32 kHz quartz crystal is readily available and inexpensive. 
The 32 kHz crystal is commonly used in digital clocks and 
counters. 


Several crystal sources exists. A partial listing is: 


® Statek Corporation © 
512 N. Main 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
TELEX: 67-8394 


® Daiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 


®@ International Piezo LTD 
24-26, Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XTAL HX 
Tel: 3-3501151 


Contact manufacturer for full specifications. 
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Figure 14: Typical LCD Display Configuration 
—TSC615 Triplex 


“Buzzer” Drive Signal 

The TSC815 BUZ output (Pin 3) will drive a piezo electric 
audio transducer. The signal is activated to indicate an input 
overrange condition for current and voltage measurements 
or continuity during resistance measurements. 


During a resistance measurement a reading less than 19 on 


any full-scale range causes a continuous 4 kHz signal to be 
output. This is used as a continuity indication. 


A voltage or current input measurement overrange is indi- _ 
cated by a non-continuous 4 kHz signal at the BUZ output. « 


The LCD display MSD also flashes and the three least signifi- 
cant digits are set to display zero. The buzzer drive signal for 
overrange is shown in Figure 15. The buzzer output is active 
for any reading over 2000 counts in both manual and auto- 


range operation. The buzzer is activated during an extended > 


resolution measurement. 


The BUZ signal swings from VCC (Pin 26) to Digital Ground 
(Pin 55). The signal is at VCC when not active. 


The buz output is also activated for 15 ms whenever a range 
‘change is made in auto-range or manual operation. Changing 
the type of measurement (voltage, current, or resistance) or 
measurement option (AC/DC, 0/LOQ) will also activate the 


buzzer output for 15 ms. A range change during a current 


Measurement will not activate the buzzer output. 
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Figure 15: TSC815 Timing Waveform for Buzzer Output 


Vendors for piezo electric audio transducers are: 


1. 


Gulton Industries 

Piezo Products Division 

212 Durham Avenue 

Metuchen, New Jersey 08840 

(201) 548-2800 

Typical P/N’s: 102-95NS, 101-FB-00 


. Taiyo Yuden (USA) Inc. 


Arlington Center 

714 West Algonquin Road 

Arlington Hts., tll. 60005 

Typical P/N’s: CB27BB, CB20BB, CB355BB 
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Display Decimal Point Selection 


The TSC815 provides a decimal point LCD drive signal. The 
decimal point position is a function of the selected full-scale 
range as shown in Table 6. | 


Table 6: Decimal Point Selection 
1 e 9 e 9 e 9 


Full-Scale Range DP3 DP2 DP1 
2000 V, 2000 ko OFF OFF OFF 
200.0 V, 200.0 kQ OFF OFF ON 
20.00 V, 20.00 kO OFF ON OFF 
2.000 V, 2.000 kO ON OFF OFF 
200.0 mV, 200.0 OFF OFF ON 
20.00 mA OFF ON OFF 
200.0 mA OFF OFF ON 


TSC815 


AC to DC Converter Operational Amplifier — 


The TSC815 contains an on chip operational amplifier that 
may be connected as a rectifier for AC to DC voltage and 
current measurements. Typical operational amplifier charac- 
teristics are: 


® Slew Rate: 1 V/us 

@ Unity Gain Bandwidth: 0.4 MHz 

@ Open Loop Gain: 44 dB 

® Output Voltage Swing (Load = 10 kM) +1.5 V 
(Reference to Analog Common) 


When the AC measurement option is selected the input 
buffer receives an input signal through switch S14 rather 
than switch $11 (See Figure 2). With external circuits the AC 
operating mode can be used to perform other types of func- 
tions within the constraints of the internal operational ampli- 
fier. External circuits that perform true RMS conversion or 
a peak hold function are typical examples. 


Component Selection 
Integration Resistor Selection 


The TSC815 automatically selects one of two external inte- 
gration resistors. RVIBUF (Pin 52) is selected for voltage and 
current measurement. ROBUF (Pin 51) is selected for resis- 
tance measurements. | 


RVIBUF Selection (PIN 52) 


In auto-range operation the TSC815 operates with a 200 mV 
‘maximum full-scale potential at VI (Pin 42). Resistive dividers 
at VR2 (Pin 39), VR3 (Pin 38), VR4 (Pin 41) and VR5 (Pin 40) 
are automatically switched to maintain the 200 mV full-scale 
potential. ; 


In manual mode the. extended operating mode is activated 
giving a 300 mV full-scale potential at VI (Pin 42). 


The integrator output swing should be maximized but satu- 
rations must be avoided. The integrator will swing within 
0.45 V of VCC (Pin 26) and 0.5 V of VSSA (Pin 54) without 
saturating. A +2 V swing is suggested. The value of RVIBUF is 
easily calculated assuming a worst case extended resolution 
input signal: | 


Vint = Integrator Swing = +2 V 
Ti = Integration Time = 100 ms 
Ci = Integration Capacitor = 0.1 yf 
VMAX = Maximum Input at Vi = 300 mV 
RviBUF = __YMAX(T) = 450 ka 
Vint (Ci) : 


3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 
‘WITH DISPLAY HOLD 


ROBUF Selection (pin 51) | 


In ratiometric resistance measurements the signal at Rx (Pin 


47) is always positive with respect to analog common. The 
integrator swings negative. 
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The worst case integrator swing is for the 200 © range with 
the manual, extended resolution option. 


The input voltage VX (Pin 47) is easily calculated (Figure 16). 


VANCOM = Potential at Analog Common = 2.7 V 
Ra (ass = 22000 

R4 = 163.85 0» 

Rx = 3000 

Rs = Internal Switch 33 Resistance ~ 600 2 
RoBUF = _WCC- Vancom) RX _ 963 y 


(Rx + Rs + Ri + Ra) 


Fora 3.1 V integrator swing the value of ROBUF is easily 
calculated: | . 


VINT = Integrator Swing = 3.1 V 

T = Integration Time = 100 ms 

Ci = Integration Cap. = 0.1 uf 

Rx Max = 3000 

Vx Max = 700 mV 

RopUF.-= _[¥* MAX) (1) ~ 220 kX 
Ci (ViNT) 


Rg ~ 600 2 


163.85 Q 


300 22 


ANALOG COMMON = Vgc — 3 V 


Figure 16: ROBUF Calculation (200 © Manual 
Operation) 
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With a low battery voltage of 6.6 V analog common will be 
approximately 3.6 V above the negative supply terminal. With 
the integrator swinging down from analog common toward 
the negative supply a 3.1 V swing will set the integrator output 
to 0.5 V above the negative supply. 


CINT, CAZ and CREF Capacitors 


The integration capacitor, CINT, must have low dielectric 
absorption. A 0.1 uf polypropylene capacitor is suggested. 
The auto-zero capacitor, CAZ, and reference capacitor, 
CREF, should be selected for low leakage and dielectric 
absorption. Polystyrene capacitors are good choices. 


Reference Voltage Adjustment 


The TSC815 contains a low temperature drift internal voltage 
reference. The analog common potential (Pin 27) is estab- 
lished by this reference. Maximum drift is a low 75 ppm/°C. 
Analog common is designed to be approximately 2.6 V below 
VCC (Pin 26). A resistive divider (R18/R19, Figure 1) sets the 
TSC81* reference input voltage (REFHI, Pin 32) to approxi- 
mately 163.85 mV. 


With an input voltage near full-scale on the 200 mV range, 
R19 is adjusted for the proper reading. 


Display Hold Feature 


The LCD display will not be updated when HOLD (Pin 57) is 
connected to Ground (Pin 55). Conversions are made but the 
display is not updated. A HOLD Mode LCD annunciator is 
activated when HOLD is low. 

The LCD HOLD annunciator is activated through the triplex 
LCD driver signal at Pin 12. 


Package Outline 


TSC815 


Flat Package Socket 


Sockets suitable for prototype work are available. 
A USA source is: 

Nepenthe Distribution 

2471 East Bayshore 

Suite 520 

Palo Alto, CA 94303 

(415) 856-9332 


TWX: 910-373-2060 
(a) “BQ” Socket Part No.: 1C51-064-042 BQ 
(b) “SQ” Socket Part No.: 1C51-064-042 SQ 


Resistive Ladder Networks 


Resistor attenuator networks for voltage and resistance 
measurement are available from: 


Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
TEL: (714) 788-1700 
TWX: 910-332-6108 


Attenuator Attenuator Caddock 

Accuracy Type Part Number 
0.1% Voltage 1776-C441 
0.25% Voltage 1776-C44 
0.25% Resistance T 1794-204-1 


60-Pin Plastic Flat Package 


.054 + .004 


.047 + .004 


.050 + .006 


“BQ” Package — Formed Leads 
(Package #21) 


ch 
S/ 


PIN 1 INDICATION 
DIMPLE OR BUTTON 


~ Notes — 


ENGINEER; ee sCéEPT:: 


PROJECT: pa: 
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“9e TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC8I16 


3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 
WITH 2mA CURRENT RANGE 


FEATURES 
m Auto-Range Operation for AC & DC Voltage and 
Resistance Measurements 
— Three User Selected AC/DC Current Ranges 2, 20 
and 200 mA 
m Display HOLD Function 
m 24 Operating Ranges 
— 9 DC/AC Voltage 
— 6 AC/DC Current 
— 9 Resistance and Low Power Ohms 
m 31/2 Digit Resolution in Auto-Range Mode. . 1/2000 
— Extended Resolution in Manual Mode. . . 1/3000 
m Memory Mode for Relative 
Measurements ..................0005 +5% F.S. 
@ Internal AC to DC Conversion Op Amp 
m Triplex LCD Drive for Decimal Points, Digits and 


hy, 
1 


Wet fp 
GE 


Annunciators 

m Continuity Detection and Piezoelectric Transducer 
Driver 
Low Drift Internal Reference ....... 75 ppm/°C 
9 V Battery Operation ................ 10 mW 


Low Battery Detection and LCD Annunciator 
Compact 68-Pin Plastic Leaded Chip Carrier 
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TSC8I6 


GENERAL DESCRIPTION 


The TSC816 is a 3 1/2 digit integrating analog- - 


to-digital converter with triplex LCD display drive and 
automatic ranging. A display hold function is on-chip. 
Input voltage/ohm. attenuators ranging from 1 to 
1/10,000 are automatically selected. Five full-scale 
ranges are provided. The CMOS TSC816 contains all 
the logic and analog switches needed to manufacture 


an auto-ranging instrument for ohms and voltage | 
measurements. User selected 2 mA, 20 mA and 200 mA ° 


current ranges are available. Full-scale range and 


decimal point LCD annunciators are automatically set: 


in auto-range operation. Auto-range operation is avail- 
able during ohms (high and low power ohms) and 
voltage (AC & DC) measurements. Auto-ranging elimi- 
nates expensive range switches in hand-held DMM 
designs and makes compact meters easier and less 
costly to design. The auto-range feature may be 
bypassed allowing decimal point selection and input 


attenuator selection control through a single line input. 


Expensive rotary switches are not required. 

During manual mode operation resolution is 
extended to 3000 counts full-scale. The extended 
range operation is indicated by a flashing 1 MSD. The 
extended resolution is available during 2000 kQ and 
2000 V full-scale auto-range operation also. 

The memory mode subtracts a reading—up to 
+5% of full scale—from subsequent measurements. 
Typical applications involve probe resistance compen- 
sation for resistance measurements, tolerance measure- 
ments, and tare weight measurement. — 

The TSC816 includes an AC to DC converter 
for AC measurements. Only external diodes/resistors/ 
capacitors are required. 

Acomplete LCD annunciator set describes the 
TSC816 meter function and measurement range during 
ohms, voltage and current operation. AC measurements 
are indicated as well as auto-range operation. A low 
battery detection circuit also sets the low battery 


display annunciator. The triplex LCD display drive | 


levels may be set and temperature compensation 
applied via the Vpisp pin. With HOLD low the display is 
not updated. A HOLD MODE LCD annunciator is 
activated. 

The “low ohms” measurement option allows 
in-circuit resistance measurements by preventing 
semiconductor junctions from being forward biased. 


3 1/2 DIGIT AUTO-RANGING 


ANALOG-TO-DIGITAL CONVERTER 


WITH 2mA CURRENT RANGE 


A continuity buzzer output. is activated with, 
inputs less than 1% of full-scale. An overrange input — 
signal also enables the buzzer, except during resistance 
measurements, and flashes the MSD display. Featuring - 
single 9 V battery operation, 10 mW power consumption, 
a precision internal voltage reference (75 ppm/°C max. 
TC) and a compact 68-pin plastic leaded chip carrier 
the TSC816 is a ane measurement system on a 
single chip. 


Ordering Information 


Temperature 


Part No. ‘Package . Range 
Teceiscks:. “oN lave 0°C to 70°C 


Leaded Chip Carrier 


Pin Configuration 


TSC816 


3 1/2 DIGIT AUTO-RANGING ADC WITH 


2/20/200 mA CURRENT RANGES AND DISPLAY HOLD 


68-PIN PLASTIC LEADED 
CHIP CARRIER (PLCC) 


v/ts MOT [>] 
GQ10H/w/» [>| 


NC = NO INTERNAL CONNECTION 
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Absolute Maximum Ratings 


Supply Voltage (V to V) wc. .ceccceecceucceeveeeues 15V 
Analog Input Voltage ..............c cece eee eee V" to V 
Reference Input Voltage ............... cece eee Vv" to Vv 


TSC816 


Storage Temperature ..............08. 


Lead Temperature (Soldering, 60sec.) ........... 300° C 


Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated 
in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 


Voltage at PIN 43 oo ic ce cee cee eeae csc cee. GND +0.7 V 
Power Dissipation 
PlasSucG PaACkage: hia ysis we dete eke ee 800 mW 
Operating Temperature pies 
bility. 
AO IONICOS chara ty wma sy hyde Mees sed 0°C to +70°C ioe 


Electrical Characteristics: vs = 9 v, Ta = 25°C, Figure 1 Test Circuit 


. TEST TSC816 
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
200 mV Range w/o 10 MQ. 7 
Input Resistor 0000: 0000" “0000 Digital 
Reading 
1 Zero Input Reading 200 mV Range w/10 MQ Input -0001 — +0001 
2 mA, 20 mA and 200 mA Range -0000 0000 +0000 
200 mV Range w/o 10 MQ. = =: +4 
Input Resistor _ . 
2 RE Rollover Error 200 mV Range w/10 MQ Input —_ — +3 Count 
2 mA, 20 mA and 200 mA Range = = +1 
3 NL Linearity Error Best Case Straight Line _— — +1 Count 
4 lin Input Leakage Current ~ — 10 pA 
5 En Input Noise BW = 0.1 to 10 Hz _ 20 — UN p-p 
0 - a pa 
6 AC Frequency Response age spacial Hz 
+5% Error — 40to 2000 — 
Open Circuit Voltage _ 
7 for OHM. Measurements Excludes 200 (11 Range 570 660 mV 
Open Circuit Voltage _ 
8 ior LO OUIM Measurement Excludes 200 9 Range 285 350 mV 
9  Vcom Analog Common Voltage (V" -Vcom) 2.5 2.6 3.3 V 
Common Voltage = _ ° 
Veto Temperature Coefficient | 20; JRPME 
11 Display Multiplex Rate — 100 = Hz 
20 mA, AG, |, Low 9, HOLD , 
12 VIL Low Logic Input Range, -MEM, OHMs, 2 mA — — 1 V 
(Relative to DIG GND Pin 54) 
20 mA, AC, |, Low 0, HOLD 
13 Logic 1 Pull Up Current Range, -MEM, OHMs, 2 mA — 25 — BLA 
(Relative to DIG GND Pin 54) 
14 Buzzer Drive Frequency — 4 — kHz 
15 Low Battery Flag Voltage Vcc to Vssa_ 6.3 6.6 7.0 V 
16 Operating Supply Current — 0.8 1.5 mA 
Note: 


1. 200 range open circuit voltage approximately 2.8 V. 
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Pin Description and Function Table 1: 


3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 
WITH 2mA CURRENT RANGE 


. 68-Pin | 
Plastic | % 4 
Leaded SYMBOL DESCRIPTION 
Chip Carrier _ 
1 BP2 LCD Backplane #2. 
a NC No Connection. 
3 BP3 LCD Backplane #3. | 
4 Low 0/A LCD Annunciator segment drive for low ohms resistance measurement and current measurement. 
5 QO/V- LCD Annunciator segment drive for resistance measurement and voltage measurement. | 
6 K/m/HOLD gee eta drive for k (“kilo-ohms”), m (“milli-amps” and “milli-volts”) and HOLD 
7 BCPO LCD segment drive for “b,” “c” segments and decimal point of least significant digit (LSD). 
(Ones digit). 
8 AGDO LCD segment drive for “a,” “g,” “d” segments of LSD. 
fe) ~ FEO LCD segment drive for “f” and “e” segments of LSD. 
10 BCP1 LCD segment drive for “b,” “c” segments and decimal point of 2nd LSD. 
11 AGD1 LCD segment drive for “a,” “g,” “d” segments of 2nd LSD (Ten’s digit). 
12 FE1 LCD segment drive for “f,” and “e” segments of 2nd LSD. 
13 BCP2 LCD segment drive for “b,” “c,” and decimal point of 3rd LSD. (Hundreds digit). 
14 AGD2 LCD segment drive for “a,” “g,” “d” segments of 3rd LSD. 
15 FE2 LCD segment drive for “b” and “c” segments of 3rd LSD. 
16 BCP3 LCD segment drive for “b,” “c” segments and decimal point of MSD (Thousand's digit). 
17 AC/-/AUTO LCD annunciator drive signal for AC measurements, polarity, and auto-range operation. - 
18 -MEM/BATT ee drive signal ee parity indication and memory (relative measurement) 
19 VSSD Negative battery supply connection for internal digital circuits. Connect to negative terminal 
of battery. 
20 VCC Positive battery supply connection. | 
21 NC No Connection. 
22 COM Analog circuit ground reference point. Nominally 2.6.V below VCC. 
23 RMREFH Ratiometric (Resistance measurement) reference high voltage. 
24 RMREFL Ratiometric (Resistance measurement) reference low voltage. 
25 NC No Connection. | 
26 CREFL Reference capacitor negative terminal CREF = 0.1 uf. 
27 CREFH Reference capacitor positive terminal CREF = 0.1 uf. 
28 REFHI Reference voltage for voltage and current measurement. Nominaily 163.85 mV. 
29 OR1 Standard resistor connection for 200 2 full-scale. | 
30 OR2 Standard resistor connection for 2000 2 full-scale. 
31 ORS Standard resistor connection for 20 kQ full-scale range. . 
32 OR4 Standard resistor connection for 200 kQ full-scale range. 
33 ORS Standard resistor connection for 2000 kf. full-scale range. 
34 NC No Connection. 
35 VR3 


Voltage measurement + 100 attenuator. 
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TSC816 


Pin Description and Function § Table 1: 


68-Pin 
Plastic 
Leaded SYMBOL DESCRIPTION 
Chip Carrier 
36 VR2 Voltage measurement + 10 attenuator. 
37 VR5 Voltage measurement + 10,000 attenuator. 
38 VR4 Voltage measurement + 1000 attenuator. 
39 Vv) Unknown voltage input + 1 attenuator. 
40 if Unknown current input. 
41 ACVL Low output of AC to DC converter. 
42 COMP Comparator Output. 
43 NC No Connection. 
Ad Cl Integrator capacitor connection. Nominally 0.1 uf. (Low dielectric absorption. Polypropylene 
dielectric suggested). 
45 CAZ Auto-zero capacitor connection. Nominally 0.1 yf. 
46 Rx Unknown resistance input. 
47 CFI Input filter connection. 
48 ADI Negative input of internal AC to DC operational amplifier. 
49 ADO Output of internal AC to DC operational amplifier. | 
50 ROBUF Active buffer output for resistance measurement. Integration resistor connection. Integrator 
resistor nominally 220 kQ. 
Active buffer output for voltage and current measurement. Integration resistor connection. 
51 RVIBUF 
Integration resistor nominally 150 kQ. 
52 ACVH Positive output of AC to DC converter. 
53 VSSA Negative supply connection for analog circuits. Connect to negative terminal of 9 V battery. 
54 DIG GND __ Internal logic digital ground. The logic “0” level. Nominally 4.7 V below VCC. - 
55 STATUS Logic Output Signal. 
56 RANGE Input to set manual operation and change ranges. 
57 HOLD Input to hold display. connect to DIG GND. 
a WTaivE Input to enter memory measurement mode for relative measurements. The two LSD’s are stored 
58 MEM 
and subtracted from future measurements. 
59 2mA Logic Input. “O” (Digital Ground) for 2 mA full-scale current measurement. 
60 DC/AC, Input that selects AC or DC option during voltage/current measurements. For resistance 
0/LOW © ~~ measurements, the ohms or low power (voltage) ohms option can be selected. 
61 T Input to select current measurement. Set to logic “O” (Digital ground) for current measurement. 
62 OHM Logic Input. “O” (Digital Ground) for resistance measurement. 
63 20 mA Logic Input. “0” (Digital Ground) for 20 mA full-scale current measurement. 
64 BUZ Audio frequency, 4 kHz, output for continuity indication during resistance measurement. A non- 
continuous 4 kHz signal is output to indicate an input overrange during voltage or current 
65 XTAL1 32.768 kHz Crystal Connection. 
66 XTAL2 32.768 kHz Crystal Connection. 
67 VDISP Sets peak LCD drive signal: VP = VCC-VDISP. VDISP may also be used to compensate for 
temperature variation of LCD crystal threshold voltage. 
68 BP1 LCD Backplane #1. 
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iF LCD BIAS CONNECTED TO DIG GND, O 


PEAK DRIVE SIGNAL =5 V. 


0.1 nf - 


R7/100kQ 
0.01 
OHMS N : R8/2202 (PTC) R6/100k2 24 
INPUT 
. R5/1. 6385M0 33 
R4/163. 85kD 
- . 6.2V : R3/16. 385k2 31 
7 ~ R2/1638.52 
: R28/902 
© R1/163. 852 
CURRENT 
INPUT O 
R15 [D3 {04 
92 
200mA R16 7 7 
12 55 
Vo 
oe as ; ; R13 
VOLTAGE R14/9.9MQ aed 500kK2 39 
INPUT © ‘ 7 
 RI2/1.11IMQ ag 
R10/10k2_ 3g 
COMMON 


Figure 1: Typical Application & Test Circuit 
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Fg ee Ve as ee ne et re Gee ee a ee 7 
0.1 yf | veco 
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Figure 2: TSC816 Analog Section 


TSC816 


Resistance, Voltage, Current 
| Measurement Selection 


The TSC816 is designed to measure voltage, current, and 
resistance. Auto-ranging is available for resistance and vol- 
tage measurements. The OHMS (Pin 62) and | (Pin 61) input 
controls are normally pulled internally to Vcc. 


By tying these pins to Digital Ground (Pin 56), the TSC816 is 
configured internally to measure resistance, voltage, or 
current. The required signal combinations are shown in 
Table 2. 


Table 2: TSC816 Measurement Selection Logic 


Function Select Pin 


OHM (Pin 62) | (Pin 61) Selected Measurement 
0 0 Voltage 
0 1 Resistance 
1 0 Current 
1 1 Voltage 


0 = Digital Ground 
Notes: 


1 = Floating or Tied to Vcc 


1. OHM &Lare normally pulled internally high to VCC 
(Pin 20). 
This is considered a logic “1.” 


2. Logic “0” is the potential at digital ground (Pin 54). 


Resistance Measurements — 
OHMS & Low Power OHMS > 


The TSC816 can be configured to reliably measure in-circuit | 


resistances shunted by semiconductor junctions. The TSC816 
low power ohms measurement mode limits the probe open 
circuit voltage. This prevents semiconductor junctions in the 
measured system from turning on. 


In the resistance measurement mode the 0/LOWQ (Pin 60) 
input selects the low power ohms measurement mode. For 
low power ohms measurements 0/LOWO. (Pin 60) is momen- 
tarily. brought low to digital ground potential. The TSC816 
sets up for a low power ohms measurement with a maximum 
open circuit probe voltage of 0.35 V above analog common. 


In the low power ohms mode an LCD display annunciator, 
LOW, will be activated. On power up the low power ohms 


mode is not active. 


If the manual operating mode has been seid: toggling 
0/LOWOA will reset the TSC816 back to the auto-range mode. 
In manual mode, the decision to make a normal or low power 
ohms measurement should be made before selecting the de- 
sired range. 


The low power ohms measurement is not available on the 
100 1 full-scale range. Open circuit voltage on this range is 
below 2.8 V. | 


The standard resistance values are listed in Table 3. 


3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER | 
WITH 2mA CURRENT RANGE 


Table 3: Ohms Range Ladder Network 


Full-Scale Standard Low Power 
Range Resistance Ohms Mode 
200 0 163.850 (R1) | NO 
2000 1638.5 0 (R2) | YES 
20 kQ 16,358 0 (R3) ~ - YES 
200 kO 163850  (R4) - YES 
2000 kO 1,638,500 0 tele YES 


N/A = Not available. 
Ratiometric Resistance Measurements 


The TSC816 measures resistance ratiometrically. Accuracy is 
set by the external standard resistors connected to Pin 29 
through 33. A low-power ohms mode may be selected on all 
but the 200 O full-scale range. The low power ohms mode 
limits the voltage applied to the measured system. This allows 
accurate “in-circuit” measurements when a resistor is shunted 
by semiconductor junctions. : 


Full auto-ranging is provided. External precision standard 
resistors are automatically switched io provide the proper 
range. 


Figure 3 shows a detailed block diagram of the TSC816 con- 
figured for ratiometric resistance measurements. During the 
signal integrate phase the reference capacitor charges to a 
voltage inversely proportional to the measured resistance- 
RX. Figure 4 shows the conversion accuracy relies on the 


~ accuracy of the external standard resistors only. 


Normally the required accuracy of the standard resistances 
will be dictated by the accuracy specifications of the users 
end product. Table 4 gives the equivalent ohms per count for 
various full-scale ranges to allow users to judge the required 
resistor accuracy. . 


Table 4: Reference Resistors 


a Rese” ——__avCOUNT 
200 163.85 — ay Wal 
2k BS ss 
20 k 16385 10 
200 k ~ 163850 100 
2M _—————Ss—sSBGCC— s§“— <G&s— ssi St 


Voltage Measurement 


Resistive dividers are automatically changed to provide in 
range readings for 200 mV to 2000 V full-scale readings 
(Figure 2). The input resistance is set by external resistors 
R14/R13. The divider leg resistors are R9-R12. The divider leg 
resistors give a 200 mV signal VI (Pin 39) for full-scale vol- 
tages from 200 mV to 2000 V. | 


For applications which do not require a 10 MQ input impe- 
dance the divider network impedances may be lowered. This 
will reduce voltage offset errors induced by switch leakage 
currents. 
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R5/1638500 82 
R4/163850 2 
R3/16385 2 
R2/1638.5 2 


R1/163.85 Q 


10k }+1k | +100 | +10 


TSC816 


LOW dba 


N° LON 


} aCe 
} aCe 


VCC -2.8V 


DE+Q 


“ 
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R6/100 kQ 


R7/100 kQ $12 , 


Vsek INT - (Q + DC) 
1 


Ry > UNKNOWN 


V 


ANALOG COMMON 


\/ ANALOG 
COMMON 


MH. TSc816 
~ RATIO METRIC RESISTANCE MEASUREMENT — 


% 
INTEGRATOR 


COMPARATOR 


RVIBUF 


Figure 3: Ratiometric Resistance Measurement Functional Diagram 


Current Measurement 


The TSC816 measures current only under manual range 
operation. The three user selectable full-scale ranges are: 2 mA, 
20 mA, and 200 mA. Select the current measurement mode by 
holding the | input (Pin 61) low at digital ground potential. 
The OHM input (Pin 62) is left leaning or tied to the positive 
supply. 

Three ranges are possible. The 2 mA range is selected by con- 
necting the 2 mA input (Pin 59) to digital ground. The 20 mA 
full-scale range is selected by connecting the 20 mA input (Pin 
63) to digital ground. If both Pin 63 and 59 are left floating the 
200 mA full-scale range is selected. 


External current to voltage conversion resistors are used at 
the lt input (Pin 40). For 2 mA full-scale current range a 1000 
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resistor is used. For 20 mA measurements a 10 1€ resistor is 
used. the 200 mA range needs a 1 1 resistor. Full-scale is 
always 200 mV. 


PC board trace resistance between analog common and R16 
(See Figure 1) must be minimized. In the 200 mA range, for 
example, a 0.05 9 trace resistance will cause a 5% current to 
voltage conversion error at li (Pin 40). 


The extended resolution measurement option operates during 
current measurements. 


To minimize rollover error the potential difference between 
analog common (Pin 22) and system common must be 
minimized. 


3 1/2 DIGIT AUTO-RANGING 
ANALOG-TO-DIGITAL CONVERTER 
WITH 2mA CURRENT RANGE 


TSC816 


Example: 200 k{) Full-Scale Measurement 


. | (a) vR= __163.85k0 x 0.64 
_ {0.64 For OHMS =} 7 163.85 + 220 + RX 


VA 
| 0.32 V For LO OHMS | 


(By) WS eS gs 
163.85 kQ. + 220 + RX 
+ RX 
“Ramp Up Voltage” = “Ramp Down Voltage” 


VX_ xq) = VR toe 
RiC RC 
Where: 
Ri = Integrating Resistor, 1) = integrate Time 


Ci = Integrating Capacitor, Tp—E = Deintegrate Time 
TO ANALOG | 


ies “(d) seis ae 
| c Ty 


Independent of Ri, Ci or Internal Voltage Reference 


Figure 4: Resistance Measurement Acciracy Set by External Standard Resistor 


| | | External Crystal = 32.768 kHz 
“~~ feegig pe eniee penne” _ Internal Clock Period = Tp = 2/32.768 = 61.04 us 


PHASE PHASE Total Conversion Time = Tconv = 8000 (Tp) 


a ose, «488.3 ms S 2 CONW/SEC 


"RESOLUTION Integration Time = Ti = 1638.5 (Tp) = 100.0 ms 
CROSSING Maximum Reference Deintegrate Time 


= Tpe = 3000 (Tp) = 183.1 ms (Manual, Extended Resolution) 


7 AUTO-ZERO 
PHASE 


MIN. AUTO-ZERO iene haces 7 = 2000 (Tp) = 122.1 ms (Auto-Range) 


' Minimum Auto-Zero Time 
seer 25 —Tpe-we| *IN AUTO-RANGE OPERATION 
. Oro ' de MAXIMUM 1S 2000 Tp AND 


Se _ MINIMUM AUTO-ZERO TIME = (8000-3000-1 638.5) (TP) _ 205.1 ms (Manual, Extended 


IS 4361.5 Tp . 
Tconv = 8000 Tp-——————me | . Resolution) 


= (8000-2000-1638.5) (Tp! = 266.2 ms (Auto-Range) 


Figure 5: Basic TSC816 Conversion Timing 


Measurement Options | selected first and then the desired range selected. 

AC to DC Measurements | The minimum AC voltage full-scale voltage range is 2V. The 
In voltage and current measurements the TSC816 canbe —O0 full-scale minimum voltage is 200 mV. 

configured for AC measurements. An on chip operational © AC current measurements are available on the 2 mA, 20 mA 
amplifier and external rectifier components perform the AC and 200 mA full-scale current range. 


to DC conversion. 


When power is first applied the TSC816 enters the DC mea- Conversion Timing , 
surement mode. For AC measurements (current or voltage), The TSC816 analog-to-digital converter uses the conven- 
AC/DC (Pin 60) is momentarily brought low to digital ground tional dual slope integrating conversion teghnique with an 
potential; the TSC816 sets-up for AC measurements and the added phase that automatically eliminates zero Offset errors. 
AC liquid crystal display annunciator activates. Toggling | The TSC816 gives a zero reading with a zero volt input. 


AC/DC low again will return the TSC816 to DC operation. The TSC816 is designed to operate with a 32.768 kHz crystal. 


If the manual operating mode has been selected toggling The 32 kHz crystal is low cost and readily available; it serves 
AC/DC will reset the TSC816 back to the auto-range mode. In —s as. a time base oscillator crystal in many digital clocks. (See 
manual mode operation AC or DC operation should be External Crystal Sources). 
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The external clock is divided by two. The internal clock fre- 
quency is 16.348 kHz giving a clock period of 61.04 us. The 
total conversion — auto-zero phase, signal integrate and 
reference deintegrate — requires 8000 clock periods or 488.3 
ms. There are approximately two complete conversions per 
second. 


The integration time is fixed at 1638.5 clock periods or 100 
ms. This gives rejection of 50/60 Hz AC line noise. 


The maximum reference deintegrate time, representing a full- 
scale analog input, is 3000 clock periods or 183.1 ms during 
manual extended resolution operation. The 3000 counts are 
available in manual mode, extended resolution operation only. 
In auto-ranging mode the maximum deintegrate time is 2000 
clock periods. The 1000 clock periods are added to the auto- 
zero phase. An auto-ranging or manual conversion takes 
8000 clock periods. After a zero crossing is detected in the 
reference deintegrate mode, the auto-zero phase is entered. 


Figure 5 shows the basic TSC816 timing relationships. 
Manual Range Selection 


The TSC816 voltage and resistance auto-ranging feature 
can be disabled by momentarily bringing RANGE (Pin 54) to 
digital ground potential (Pin 54). When the change from 
auto-to-manual ranging occurs the first manual range se- 
lected is the last range in the auto-ranging mode. 


The TSC816 power-up circuit selects auto-range operation 
initially. Once the manual range option is entered, range 
changes are made my momentarily grounding the RANGE 
control input. The TSC816 remains in the manual range 


Table 5: Manual Range Operation 


mode until the measurement function (voltage or resistance) 
or measurement option (AC/DC, 0/LO ©) changes. This 
causes the TSC816 to return to auto-ranging operation. 


The “Auto” LCD annunciator driver is active only in the auto- 
range mode. 


Table 5 shows typical operation where the manual range 
selection option is used. Also shown is the extended resolu- 
tion display format. 


Extended Resolution Manual Operation 


The TSC816 extends resolution by 50% when operated in the 
manual range select mode for current, voltage, and resis- 
tance measurements. Resolution increases to 3000 counts 
from 2000 counts. The extended resolution feature operates 
only on the 2000 kO and 2000 V ranges during auto-range 
operation. 


In the extended resolution operating mode readings above 
1999 are displayed with a blinking “1” most significant digit. 
The blinking “1” should be interpreted as the digit 2. The 
three least significant digits display data normally. 


An input overrange condition causes the most significant 
digit to blink and sets the three least significant digits to 
display “O00”. The buzzer output is enabled for input voltage 
and current signals with readings greater than 2000 countsin 
both manual and auto-range operation. 


For resistance measurements the buzzer signal does not 
indicate an overrange condition. The buzzer is used to indi- 
cate continuity. Continuity is defined as a resistance reading 


less than 19 counts. 


— pcvouts [| _acvoire [| oMM + ~—~—+LO. Om 
POWER-ON 200 mv “100.0 mv | 2V “4000 V 2k = “1”.000 kn 
AUTO-RANGE _2¥ “1",000 V 2k2 “1.000 kN 10k “1"0.00 kA 
OPERATION 20V ‘vooov | ss 20K 18.20kQ | 200 KN “100.0 kD 

# of RANGE CHANGES LJ 7 

“LS RANGE DISPLAY | RANGE DISPLAY | RANGE _ DISPLAY | RANGE _ DISPLAY 
‘cs 5 2  200mv “1700.0 mv | 2V “1”.000 V 200 “1"00.0 0 2k  “1”.000 kn 
RE 3 2v 1000V 20 kn "7000 Kn 
: 6  1000V 24V 2V “4”.000 V 2k “1.000 kN 
"7 200 mv “100.0 mV 2000 ~=—"1"00.0.0 20k “1"0.00 kn 
8 2V “1”,000 V 2kQ — “1”.000 kN 200k2 “100.0 kn 
Notes: 3. A flashing MSD with a non-zero display indicates the TSC815 has entered 


1. A flashing MSD is shown as a “1”. A flashing MSD indicates the TSC815 is 
over-ranged if all other digits are zero. 
2. The first manual range selected is the last range in the auto-ranging mode. 
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the extended resolution operating mode. An additional 1000 counts of reso- 
lution is available. This extended operation is available only in manual 
operation for voltage, resistance and current measurements. 

4.~1L_S~” = momentary ground connection. 


TSC816 


MANUAL 
RANGE. 
SELECT 


CONTINUITY 
INDICATOR 


_ OUTPUT 4 kHz 
AUDIO 
4} FREQUENCY 


CONTINUOUS 4 kHz 
BUZZER -OVER-RANGE 


“ INDICATOR 


DISPLAY 
“1” 000 


y /\_N “y" = >FLASHING MSD 
ee TSC816 ; 
DISPLAY LAST 
3 DIGITS AND 
FLASH MSD 


YES* 


*MODE ALSO OPERATES WHEN 
AUTO-RANGING OPERATION IS 
SELECTED AND 2 MQ <RX <2.999IMQ 


EXTENDED 

RESOLUTION 

FEATURE 
DISPLAY 


TRUE 
READING 


Figure 6: Manual Range Selection; 
Resistance Measurement 


RANGE 
SELECT 


NON-CONT‘NUOUS 


OUTPUT 4 kHz 
AUDIO 
FREQUENCY 


OVER-RANGE INDICATOR 


.. DISPLAY 
waqet 000 


“4"" = >FLASHING MSD 


DISPLAY LAST 
3 DIGITS 
AND FLASH MSD 


‘ DISPLAY 
TRUE 
READING 


Figure 7: Manual Range Selection; 
Current Measurement 


-MEM Operating Mode 


Bringing MEM (Pin 58) momentarily low configures the 


TSC816 “-MEM” operating mode. The -MEM LCD Annun- 
ciator becomes active. In this operating mode subsequent 
measurements are made relative to the last two digits (<99) 
displayed at the time MEM is low. This represents 5% of full- 
scale. The last two significant digits are stored and subtracted 
from all the following input conversions. 
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RANGE 
SELECT 


OUTPUT NON- 
CONTINUOUS 
4 kHz AUDIO 
FREQUENCY 


OVER-RANGE INDICATOR 


‘ papaets 
” 000 


“1 = >FLASHING MSD 


DISPLAY LAST 
3 DIGITS AND 
FLASH MSD 


‘EXTENDED RESOLUTION 
FEATURE. 


a. TSC816 


~ DISPLAY 
TRUE 
READING 


Figure 8: Manual Range Selection; 
Voltage Measurement 

A few examples clarify operation: 

Example 1: In Auto-Ranging 


Ri (N) = 18.21 kQ (20 kM Range ) = > Display 18.21 kQ 
MEM tJ~ => Store 0.21 kQ 


Ri (N+1) = 19.87 kQ. (20 kQ Range) 
= > Display 19.87 - 0.21 = 19.66 kQ. 


Ri (N+2) = 22.65 kQ (200 kQ Range) 
= > Display 22.7 k{. & MEM Disappears © 


Example 2: In Fixed Range 200.0 () Full-Scale 


Ri (N) = 18.2 © => Display 18.2 0 
MEM LJ => Store 82 0 


Ri (N+1) = 36.7 
= > Display 36.7 - 8.2 = 28.5 0 


Ri (N+2) = 5.80 
=> Display 5.8 - 8.2 = -2.4 1" 


* Will display minus resistance if following input is less than 
offset stored at fixed range 
Example 3: In Fixed Range 20.00 V Full-Scale 


Vi (N) = 0.51 V = > Display 0.51 V 
MEM LJ => Store 0.51 V 


Vi (N+1) = 3.68 V 
= > Display 3.68 - 0.51 =347V 
Vi (N+2) = 0.23 V 


= > Display 0.23 - 0.51 = -0.28 V 


Vi (N+3) = -5.21 V 
= > Display -5.21 - 0.51 = -5.72 V 
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On Power up the TSC816 “-MEM” mode is not active. Once 
the “-~-MEM” is entered bringing MEM low again it returns the 
TSC816 to normal operation. 


The “-MEM” mode is also cancelled whenever the measure- 
ment type (resistance, voltage, current, AC/DC,Q/LO 0) 
or range is changed. The LCD -MEM annunciator will be off 
in normal operation. 


In auto-range operation if the following input signal cannot 
be converted on the same range as the stored value, the 
“-MEM” mode is cancelled. The LCD annunciator is turned 
off. 


The “-MEM” operating mode can be very useful in resistance 
measurements when lead length resistance would cause 
measurement errors. 


Automatic Range Selection Operation 


When power is first applied the TSC816 enters the auto- 
range operating state. The auto-range mode may be entered 
from manual mode by changing the measurement function 
(resistance. or voltage) or by changing the measurement 
option (AC/DC, N/LOQ). 


The automatic voltage range selection begins on the most 
sensitive scale first: 200 mV for DC or 2.000 V for AC mea- 
surements. The voltage range selection flow chart is givenin 
Figure 9. 


Internal input protection diodes to VCC (Pin 20) and VSSA 
(Pin 53) clamp the input voltage. The external 10 MQ input 
resistance (See Figure 1,R14 and R13) limits current safely in 
an overrange condition. 


The voltage range selection is designed to maximize resolu- 
tion. For input signals less than 9% of full-scale (count reading 
<180) the next most sensitive range is selected. 


An overrange voltage input condition is flagged whenever the 
internal count exceeds 2000 by activating the buzzer output 
(Pin 64). This 4 kHz signal can directly drive a piezoelectric 
acoustic transducer. An out of range input signal causes the 
4 kHz signal to be on for 122 ms, off for 122 ms, on for 122 ms, 
and off for 610 ms (See Figure 15). 


During voltage auto-range operation the extended resolution 
feature operates on the 2000 V range only (See extended reso- 
lution operating mode discussion). 


The resistance automatic range selection procedure is shown 
in Figure 10. The 200 © range is the first range selected unless 
the TSC816 low ohms resistance measurement option is 
selected. In low ohms operation the first full-scale range tried 
is 2 kf. 


The resistance range selected maximizes sensitivity. If the 
conversion results in a reading less than 180 the next most 
sensitive full-scale range is tried. 


If the conversion is less than 19 in auto-range operation a 
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continuous 4 kHz signal is output at BUZ (Pin 64). An over- 
range input does not activate the buzzer. 


Out of range input conditions are displayed by a blinking most 
significant digit with the three least significant digits set to 
“O00.” 


The extended resolution feature operates only on the 2000 kO. 
and 2000 V full-scale range during auto-range operation. A 
blinking “1” most significant digit is interpreted as the digit 2. 
The three least significant digits display data normally. 


pu TSC816 


0; 
1; 


.0 mV FULL-SCALE RANGE 
OV FULL-SCALE RANGE 


(REMAIN IN RANGE SELECTED 
DURING THE K th CONVERSION) 


EXTENDED 
RESOLUTION 


ACTIVATE 
BUZZER 


OVER-RANGE 


DISPLAY “1” 000 
FLASH MSD 


START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 


Figure 9: Auto-Range Operation; 
Voltage Measurement 


TSC8I16 


; oe TSC816 
N=OlFQ 
N=1IFLOQ: N = 0; 200.0 2 FULL-SCALE RANGE 
N= 1; 2.000 k2 FULL-SCALE RANGE 
K th 
CONVERSION | 


( REMAIN IN RANGE SELECTED 
. DURING THE K th CONVERSION) 


CONTINUITY 
INDICATOR 


ACTIVATE 
BUZZER 


SIGNAL 


YES 


DISPLAY 
‘RESISTANCE 


DISPLAY “4 XXX 
FLASH MSD 
_ START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 
Figure 10: Auto-Range Operation; 
Resistance Measurement 


LOW BATTERY DETECTOR 


TO LCD 
ANNUNCIATOR 
SELECTION 
LOGIC 


TSC816 


LOW BATTERY ANNUNCIATOR DISPLAYED FOR Vgypp_y <7 V 


Figure 11: Low Battery Detector 
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Low Battery Detection Circuit 


The TSC816 contains a low battery detector. When the 9. V 
battery supply has been depleted to a 7 V nominal value the 
LCD display low battery annunciator is activated. 


The low battery detector is shown in Figure 11. The lowbattery 
annunciator is guaranteed to remain OFF with the battery 
supply greater than 7.0 V. The annunciator is guaranteed to 
be ON before the supply battery has reached 6.3 V. | 


Triplex Liquid Crystal Drive 


The TSC816 directly drives a triplexed liquid crystal display 
(LCD) using 1/3 bias drive. All data, decimal point, polarity 
and function annunciator drive signals are developed by the 
TSC816. A direct connection to a triplex LCD display is 
possible without external drive electronics. Standard and | 
custom LCD displays are readily available from LCD manu- 
facturers. 7 | 


The LCDs must be driven with an AC signal having a zero DC 
component for long display life. The liquid crystal polariza- 
tion is a function of the RMS voltage appearing across the 
backplane and segment driver. The peak drive signal applied 
to the LCD is: VCC-VDISP. | 


lf VDISP, for example, is set ata potential 3 V below VCC the 
peak drive signal is: 


-  Vp=VCC-VDISP =3 V 


An “OFF” LCD segment has an RMS voltage of Vp/3 across it 
or 1 volt. An “ON” segment has a 0.63 Vp signal across it or 
1.92 V for VCC-VDISP = 3 V. 


TO 
TRIPLEX 
SEGMENT 
DRIVE 
LOGIC 
VL 


SET VDISP 
FOR PROPER V; 
WITH RESISTIVE 
DIVIDER 


“~~ TSC816 


Si O VDISP 


Vp = VCC - VDISP 
“OFF” = Vp/3_ RMS 
vere 
vp RMS 
3 


Figure 12: 1/3 Bias LCD Drive 
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Since the VDISP pin is available the user may adjust the “ON” 
and “OFF” LCD levels for various manufacturer’s displays by 
changing Vp. Liquid crystal threshold voltage moves down 
with temperature. 


“OFF” segments may become visible at high LCD operating 
temperatures. A voltage with a -5 to-20 mV/°C temperature 
coefficient can be applied to VDISP to accommodate the 
liquid crystal temperature operating characteristics if 
necessary. 


The TSC816 internally generates two intermediate LCD drive 
potentials (VH & VL) from a resistive divider (Figure 12) 
between VCC (Pin 20) and VDISP (Pin 67). The ladder impe- 
dance is approximately 150 kQ. This drive method is com- 
monly known as 1/3 bias. With Vpisp connected to digital 
ground Vp= 5.0 V. 


The intermediate levels are needed so that drive signals 
giving RMS “ON” and “OFF” levels can be generated. Figure 
13 shows a typical drive signal and the resulting wave forms 
for “ON” and “OFF” RMS voltage levels across a selected 
LCD element. 


LCD Displays 


Although most users will design their own custom LCD 
display, several manufacturers offer standard displays for the 
TSC816. Figure 14 shows a typical display available from 
Varitronix. 


® Varitronix Ltd. 
9/F Liven House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 
Tel: 3-410286 
TELEX: 36643 VTRAX HX 
Part No.: VIM 310-1 Pin Connector 
VIM 310-2 Elastomer Connector 


P 


| | 
( | 


Figure 13: Triplex LCD Drive Waveforms 


BACKPLANES 


Vv 

H 

VE ies ar i 
BP3 go I----— --|-~--L— 


USA OFFICE: 

VL Electronics Inc. 

3161 Los Feliz Bivd., Suite 303 
Los Angeles, CA 90039 

Tel. (213) 661-8883 

TELEX: 821554 


® Adamant Kogyo Co., LTD. 
16-7, Shinden, 1-Chome, Adachi-Ku, Tokyo, 123, Japan 
Tel: Tokyo 919-1171 


External Crystal 


The TSC816 is designed to operate with a 32,768 Hz crystal. 
This frequency is internally divided by two to give a 61.04 us 
clock period. One conversion takes 8000 clock periods or 
488.3 msec (= 2 conversions/second). Integration time is 
1638.5 clock periods or 100 ms. 


The 32 kHz quartz crystal is readily available and inexpensive. 
The 32 kHz crystal is commonly used in digital clocks and 
counters. 


SEGMENTS 


SEGMENTS — APPLIED 


RMS VOLTAGE 


a (FE—BP1) 
ON” 


b (BCP —BP1) 
“ON” 


c (BCP —BP2) 
wo 


d (AGD —BP3) 
“ON” 


e (FE—BP2) 
“OFF” 


f (FE—BP1) 
“OFF” 


g (AGD —BP2) Oya ee 
“ON” 
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Several crystal sources exists. A partial listing is: overrange is shown in Figure. 15. The buzzer output is active 
® Statek Corporation | ‘for any reading over 2000 counts in both manual and auto- 
512 N.Main a range operation. The buzzer is activated during an extended 
Orange, CA 92668 te . resolution measurement. 
(714) 639-7810 | The BUZ signal swings from VCC (Pin 20) to Digital Ground 
TWX: 910-593-1355 (Pin 55). The signal is at VCC when not active. 


TELEX: 67-8394 


® Daiwa Sinku Corporation 
1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 
®@ International Piezo LTD | 
24-26, Sze Shan Street Contact manufacturer for 
Yau Ton, Hong Kong full specifications. 
TLX: 35454 XTAL HX | | | 
Tel: 3-3501151 | 


[ao [om [om [oe | veo [eon] oo 


ie Eee Ae Ae ee 


“Buzzer” Drive Signal 


The TSC816 BUZ output (Pin 64) will drive a ‘eeeicehie 
audio transducer. The signal is activated to indicate an input 
overrange condition for current and voltage measurements 
or continuity during resistance measurements. 


During a resistance measurement a reading less than 19 on 
any full-scale range causes a continuous 4 kHz signal to be 
output. This is used as a continuity indication. 


A voltage or current input measurement overrange is indi- 
cated by a non-continuous 4 kHz signal at the BUZ output. 
The LCD display MSD also flashes and the three least signifi- 
- cant digits are set to display zero. The buzzer drive signal for 


z 
efoto ree 
opel sluts PT 
oe 


50.8 (+0.3 —0,1) 


45.0 VIEWING AREA MIN. ————————_______—___»> 


ee eet BETWEEN PADS 2.54 X 17 = 43.18 __________| |3.81 


) ~\ 
— VEM RES HOLD BEE Lon 


AC [} FS ep is mal coh 
5 Ma I) Ean 


30.48 (+0.3 —6.1) = 


| 
| 
| 
| 
» Nie 


18.0 VIEWING AREA MIN. 


a MAX. —po| 


}t———— 22.86 (+0.3 —-0.1) 


|<; 


DIMENSIONS IN MM (NOT TO SCALE) 
Figure 14: Typical LCD Display Configuration TSC816 Triplex 
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The BUZ output is also activated for 15 ms whenever a range 
change is made in auto-range or manual operation. Changing 
the type of measurement (voltage, current, or resistance) or 
measurement option (AC/DC, 0/LOQ) will also activate the 
buzzer output for 15 ms. Arange change during acurrent mea- 
surement will not activate the buzzer output. 


Vendors for piezoelectric audio transducers are: 


®@ Gulton Industries 
Piezo Products Division 
212 Durham Avenue 
Metuchen, New Jersey 08840 
(201) 548-2800 
Typical P/N’s: 102-95NS, 101-FB-00 


@ Taiyo Yuden (USA) Inc. 
Arlington Center 
714 West Algonquin Road 
Arlington Hts., Il. 60005 
Typical P/N’s: CB27BB, CB20BB, CB355BB 


Display Decimal Point Selection 


The TSC816 provides a decimal point LCD drive signal. The 
decimal point position is a function of the selected full-scale 
range as shown in Table 6. 


Table 6: Decimal Point Selection 
1 e 9 e 9 e 9 


Full-Scale Range DP3 DP2 DP1 
2000 V, 2000 ki OFF OFF OFF 
200.0 V, 200.0 kN OFF OFF ON 
20.00 V, 20.00 kf OFF ON OFF 
2.000 V, 2.000 kD ON OFF OFF 
200.0 mV, 200.0 OFF OFF ON 
2.000 mA ON OFF OFF 
20.00 mA OFF ON OFF 
200.0 mA OFF OFF ON 


122 ms 122 ms 122 ms 122 ms 610 ms {122ms 
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Figure 15: TSC816 Timing Waveform for Buzzer Output 
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AC to DC Converter Operational Amplifier 


The TSC816 contains an on chip.operational amplifier that 
may be connected as a rectifier for AC to DC voltage and 
current measurements. Typical operational amplifier charac- 
teristics are: 


® Slew Rate: 1 V/us 

® Unity Gain Bandwidth: 0.4 MHz 

® Open Loop Gain: 44 dB 

® Output Voltage Swing (Load = 10 kQ) +1.5 V 
(Reference to Analog Common) 


When the AC measurement option is selected the input 
buffer receives an input signal through switch $14 rather 
than switch S11 (See Figure 2). With external circuits the AC 
operating mode can be used to perform other types of func- 
tions within the constraints of the internal operational ampli- 
_ fier. External circuits that perform true RMS conversion:or 
a peak hold function are typical examples. 


Component Selection 
Integration Resistor Selection 


~The TSC816 automatically selects one of two external inte- 
gration resistors. RVIBUF (Pin 51) is selected for voltage and 


Current measurement. ROBUF (Pin 50) is selected for resis- 


tance measurements. 


RVIBUF Selection (Pin 51) 


In auto-range operation the TSC816 operates with a 200 mV 
- maximum full-scale potential at VI (Pin 39). Resistive dividers 
at VR2 (Pin 36), VR3 (Pin 35), VR4 (Pin 38) and VR85 (Pin 37) 
are automatically switched to maintain the 200 mV full-scale 
potential. : 


In manual mode the extended operating mode is activated 
giving a 300 mV full-scale potential at VI (Pin 39). 


The integrator output swing should be maximized but satu- 
rations must be avoided. The integrator will swing within 
0.45 V of VCC (Pin 20) and 0.5 V of VSSA (Pin 53) without 


saturating. A +2 V swing is suggested. The value of RVIBUFis | 


easily calculated assuming a worst case extended resolution 
input signal: 


ViNT = Integrator Swing = +2 V 
TI = Integration Time = 100 ms 
Ci — = Integration Capacitor = 0.1 uf 
Vmax = Maximum Input at Vi = 300 mV 
RVIBUF = vant _ = 150 kO 
Vint (Ci) 


ROBUF Selection (Pin 50) 


In ratiometric resistance measurements the signal at tRX (Pin 
46) is always positive with respect to analog common. came 
integrator swings negative. 


The worst case integrator swing is for the 200 0 range with 
the manual, extended resolution option. 


The input voltage VX (Pin 46) is easily calculated (Figure 16). 


VANCOM = Potential at Analog Common = 2.7 V 
Re = 2200 

Ri = 163.85 0 

Rx = 3000 

Rs = Internal Switch 33 Resistance ~ 600 0 
RoBuF = _(VCC- Vancom) RX _oggy | 


(Rx + Rs + Ri + Re) 


For a3.1 V integrator swing the value of R 0 BUF is easily cal- 
culated: 


Integrator Swing = 3.1 V 


_VINT = 
Ty = Integration Time = 100 ms 
Ci = Integration Cap. = 0.1 uf 
Rx Max. = 3000 
Vx Max = 700 mV 
ropuF = _(YXMAX)(T)  ~ 200 ka 
Gi (Vint) 
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Rg ~ 6002 | 


163.85 22 


ANALOG COMMON = Vcc — 3 V 


Figure 16: ROBUF Calculation (200 0 Manual 
Operation) 


PRODUCT INFORMATION 


With a low battery voltage of 6.6 V analog common will be 
approximately 3.6 V above the negative supply terminal. With 
the integrator swinging down from analog common toward 
the negative supply a 3.1 V swing will set the integrator output 
to 0.5 V above the negative supply. 


CINT, CAZ and CREF Capacitors 


The integration capacitor, CINT, must have low dielectric 
absorption. A 0.1 uf polypropylene capacitor is suggested. 
The auto-zero capacitor, CAZ, and reference capacitor, 
CREF, should be selected for low leakage and dielectric 
absorption. Polystyrene capacitors are good choices. 


Reference Voltage Adjustment 


The TSC816 contains a low temperature drift internal voltage 
reference. The analog common potential (Pin 22) is estab- 
lished by this reference. Maximum drift is a low 75 ppm/°C. 
Analog common is designed to be approximately 2.6 V below 
VCC (Pin 20). A resistive divider (R18/R19, Figure 1) sets the 
TSC816 reference input voltage (REFHI, Pin 28) to approxi- 
mately 163.85 mV. 


With an input voltage near full-scale on the 200 mV range, 
R19 is adjusted for the proper reading. 


Display Hold Feature 


The LCD display will not be updated when HOLD (Pin 57) is 
connected to Ground (Pin 54). Conversions are made but the 
display is not updated. A HOLD Mode LCD annunciator is 
activated when HOLD is low. 
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Status Signal (Pin 55) 


The status signal makes a low to high transition at the be- 
ginning of deintegrate. The status signal has a fixed period of 8000 
clock cycles. 


Resistive Ladder Networks | 


Resistor attenuator networks for voltage and resistance mea- 
surement are available from: 


® Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
TEL: (714) 788-1700 
TWX: 910-332-6108 


Attenuator Attenuator Caddock 
Accuracy Type Part Number 
0.1% Voltage 1776-C441 
0.25% Voltage 1776-C44 

0.25% Resistance T 1794-204-1 


PLCC Sockets 


Production quality sockets are available for the 68-Pin plastic 
leaded chip carrier. . 


® Burndy Corporation 
Electronics Division 
Norwalk, CT 06856 
(203) 952-6293 


@ AMP Incoprated 
Harrisburg, PA 17015 
(717) 564-0100 
TWX: 510-657-4110 
Part No: 641749 (Solder Tail) 
Part No: 641345 (Surface Mount) 


Notes 


ENGINEER: __ 


DEPT: 
PROJECT: DATE: __ 
DESCRIPTION 
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“TELEDYNE _ 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC818 


AUTO-RANGING A/D CONVERTER 
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 


FEATURES 
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3-1/2 Digit Numeric Plus 40 Segment Bar-Graph 

LCD Display Drivers 

Annunciator Outputs Permit Customizing of LCD 

Display | 

2-Chip Set, Surface Mounted 

— 60-pin Flat Package Plus 20-pin Small Outline (SO) 

Auto-Range Operation for AC & DC Voltage and 

Resistance Measurements 

— Two User Selected AC/DC Current Ranges 20 mA 
and 200 mA 

22 Operating Ranges 

— 9 DC/AC Voltage 

— 4 AC/DC Current 

— 9 Resistance and Low Power Ohms 

Display Hold Function 

3-1/2 Digit Resolution in Auto-Range Mode . . 1/2000 

— Extended Resolution in Manual Mode . . . 1/3000 

Memory Mode for Relative 

Measurements .................00005 +5% F.S. 

Internal AC to DC Conversion Op Amp 

Triplex LCD Drive for Decimal Points, Digits, Bar- 

Graph, and Annunciators 


Continuity Detection and Piezoelectric Transducer 
Driver 

Low Drift Internal Reference ....... 75 ppm/°C 
9 V Battery Operation ................ 10 mW 


Low Battery Detection and LCD Annunciator 


AUTO-RANGING A/D CONVERTER 


WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 


TSC818. 


GENERAL DESCRIPTION 


The TSC818 is a 2-chip integrating analog-to- 
digital converter with 3-1/2 digit numeric and 40 segment 
bar-graph LCD display drivers, automatic ranging, and 
single 9 V battery operation. The TSC818 chip set, 
consisting of the TSC818A and TSC818D, combines 
the precision of a numeric display with the quick 
recognition of a bar-graph. The numeric display is 
driven by the TSC818A, which also includes the a-d 
converter. The bar-graph display is driven by the 
TSC818D. | | 

The 40-segment bar-graph display provides 

“quick-look” perception of amplitude. Recognizing 
trends is also easier with a bar-graph, making TSC818- 
based instruments valuable in nulling, tuning, Cali- 
bration, and similar applications. On the other hand, 
the numeric display provides 0.05% resolution and a 
full set of annunciators that spell out the TSC818's 
many operating modes. 

Automatic range selection is provided for both 
voltage (DC and AC) and ohms (high and low power) 
measurements. Expensive and bulky mechanical range 
switches are not required. Five full scale ranges are 
available, with automatic selection of external Volt/Ohm 
attenuators over a 1 to 10,000 range. Two current 
ranges, 20 mA and 200 mA, can be selected manually. 
The auto-range feature can be bypassed, allowing 
input attenuator selection through a single line input. 

During manual mode operation, resolution is 
extended to 3000 counts full-scale. Extended resolution 
is also available during 2000 kQ and 2000 V full-scale 


auto-range operation. The extended range operationis © 


indicated by a flashing 1 MSD and by the fully extended 
bar-graph. 

The TSC818 includes an AC to DC converter 
for AC voltage and current measurements. Only external 
diodes/resistors/capacitors are required. Other features 
included are a memory mode, low battery detection, 
display HOLD input, and continuity buzzer driver. 

The 3-1/2 digit numeric display includes a full 
set of annunicators. Decimal points are adjusted as 
automatic or manual range changes occur, and voltage, 
current, and ohms operating modes are displayed. 
Additional annunciators are activated for manual, auto, 
memory, HOLD, AC, Low Power ohms, and low battery 
conditions. | 

The TSC818 is available in a surface-mounted 
chip set, with TSC818A in a 60-pin flat package and 
TSC818D in a 20-pin small outline (SO). Combining 
numeric and bar-graph display drivers, single 9V 


__ battery operation, internal range switching, and com- 


pact surface mounting, the TSC818 is ideal for advanced 
portable instruments. 


Odering Information 


Temperature 

Part No. Package Range 
60-Pin Plastic. é ‘ 

TSC818ACBQ Flat Package 0°C to +70°C 
20-Pin Small 5 ‘ 

TSC818DCOP Outline (SO) 0°C to +70°C 


Pin Configuration 


Vec 
21,2223 
24,25,26 
27,28,29 
6] 30,31,32 
33,34,35 
36,37,38 
39,40,0R 


27]ANALOG COM 


24}-MEM/BATT 


TSC818A 123] AC/-/AUTO 


LCD SEGMENT DRIVE 


LCD 
BACKPLANES 


7-94 


G6-2 


— Mem MEE HOLD Lon 


AC 


PEAK DRIVE SINGAL ~ 5V 


“* TSC818D 


6 9 12 15 18 21 24 27 30 33 36 
10 13 16 19 22 25 28 31 34 37 39 
11. 14°17 20 23 26 29 32 35 38 OVR DATA CLKGNDVoise Vee 


LCD TOVCC 


CI mm CO kQ BIAS 


IF LCD BIAS CONNECTED TO DIG GND. Par a AUTO s Ls. a a] mVA 
5 


0.14 0 


R7/100kQ 


R8/220 Q (PTC) R6/100KQ Rx Voisp BP1 BP2 BP3 ANNUNCLOQ/A Q/V K/m 


10 15 20 25 30 35 40 


32.768 kHz 
{ 33 kHz) 


-MEM/BCP3 FE2 AGD2 BCP2 FE1IAGD1T'BCP1FEOAGDO BCPO 


HOLD Batt 
RMREFL | ance Gwe | AC/-/AUTO 4 io 100's pe 10's oat noe 1's 


DISPLAY 


eye h ig fi 
OEFFICIENT R4 (= 1,000) 
RESISTOR Ont ) 


OHMS RANGE 
QR3(+ 100) ATTENUATOR 


OR2 (+ 10) | 
ARI (= 1) 


ORS (+ 10,000) ] DRIVERS ANNUNCIATORS 


1000's 
SEGMENT & DECIMAL POINT DRIVE 


“& TSC818A 


VOLTAGE R14/9.9MN 
INPUT 


O Var (= 4) : 
R12/1.111MQ 


ROK gg ’ VOLTAGE RANGE 
Ves (+ 100) ATTENUATOR 


Vea (+ 1,000} 


TSC818A 


3'% Digit Auto-Ranging DMM 
with HOLD Function 


DC/AC OR Q/LOW 


MANUAL RANGE 
CHANGE 
-MEM 


BUZ 


O 
Vrs (+ 10,000) | ADO ADI ACVH NAGLE 


40 450° R2%.2M0 


R22/470kN 
4.744 raps it = 20.2204 
D2 | R2a10K 


cei 


C5/1uF 
O01 a + 
R27/2kQ 


* NOT REQUIRED WHEN RESISTOR NETWORK IS USED 
SEE APPLICATION SECTION FOR DETAILS. 


AUDIO 
27 «432 TRANSDUCER 
= 163.850mV 


R19/5kQ R18/24KQ 


INVYSVIG TWNOILONNSA 


8I8DSL 
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Absolute Maximum Ratings: 
TSC818A 


Supply Voltage ........ ccc cece eens 15 V 
Analog Input Voltage ................ Voc to Vss 
Reference Input Voltage ............. Voc to Vss 
Voltage at Pin 43 ....... 2.0.8. ~Common + 0.7. V 
Power Dissipation .......6....... scene. 800 mW 
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TSC818D 

Supply Voltage ......... ccc cece cece cree ees 6.0 V 
Digital Input Voltage ............... Voc to GND 
Power Dissipation ...............0eeeee 500 mW 


Both Devices 
Operating Temperature Range 
Storage Temperature 


0°C to +70°C 
-65°C to +160°C 


eovveeeev ee 


Lead: Temperature (Soldering, 10 sec.) . +300°C 
Electrical Characteristics: Vs = 9 V, Ta = 25°C, Figure 1 Test Circuit 
SYM- | | TSC818A 
BOL PARAMETER TEST CONDITIONS “MIN TYP MAX UNITS 
| 200 mV Range w/o 10 MQ 0000 +0000 
a Input Resistor Pere 
Zero Input Reading | Digital 
200 mV Range w/10 MQ Resistor Reading 
20 mA and 200 mA Range -0000 0000. +0000 | 
200 mV Range w/o 10 MQ ia fn 
: Is 
Input Resistor 
ne Hellaver BIO 200 mV oe w/ 10 MQ Resistor 1 ae Sune 
NL _ Linearity Error Best Case Straight Line = Sa Count 
En Input Noise BW = 0.1 to 10 Hz 
| 2 a +1% Error 40 to 500 
AC Frequency Response 
| +5% Error 40 to 2000 
Open Circuit Voitage for | 
Open Circuit Voltage for LO 
V . Common Voltage m/°C 
CTC Temperature Coefficient | PP 
20 mA, AC, |, Low Q, HOLD 
Vin Low Logic Input Range, -MEM, OHMs nein ve to V 
DIG GND Pin 55) 
20 mA, AC, |, Low Q, HOLD 
Logic 1 Pull-up Range, -MEM, OHMs (Relative to. 
DIG GND Pin 55) 
Vo. _— Low Logic Output “ANNUNC, DEINT; |, = 100 A DIG GND+0.1 — | Vv 
Vou High Logic Output ANNUNG, DEINT: |, = 100 yA V 
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Electrical Characteristics: Vs = 9 V, Ta = 25°C, Figure 1 Test Circuit (Continued) 


SYM- TSC818A | 

BOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 
Buzzer Driver Frequency — 4 — kHz 
Low Battery Flag Voltage Vcc to Vss 6.3 6.6 70 V 
Operating Supply Current — 0.8 1.5 mA 

Electrical Characteristics: Vcc = +5 V, GND = 0 V, Ta = 25°C 

SYM- TSC818D 

BOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 

Vin HIGH Logic Input 2.5 — — V 

Vin LOW Logic Input — ae 1 V 

IL Logic Input Current Voc 2 Vin 2 GND — .01 10 nA — 
Display Multiplex Rate — 100 — Hz. 
Operating Supply Current _— 40 100 UA 


TSC818A Pin Description and Function 


Pin No. 
(Quad Flat 
Package) 


1 
2 
3 


10 


11 


12 


Symbol 
OHM 
20 mA 
BUZ 


XTAL1 
XTAL2 


Voisp 


BP1 
BP2 
BP3 
Low O/A 


Q/A 


k/m/HOLD 


Description 
Logic Input. “O” (Digital Ground) for resistance measurement. 
Logic Input. “O” (Digital Ground) for 20 mA full-scale current measurement. 


Buzzer. Audio frequency, 4 kHz, output for continuity indication during resistance 
measurement. A non-continuous 4 kHz signal is output to indicate an input 
overrange during voltage or current measurements. 


32.768 kHz Crystal connection and clock output to drive TSC818D. 
32.768 kHz Crystal connection. 


Sets peak LCD drive signal: Vp = Vcc = Vpisp. Vpoisp may also be used to 
compensate for temperature variation of LCD crystal threshold voltage. 


LCD backplane #1. 
LCD backplane #2. 
LCD backplance #8. 


LCD Annunciator segment drive for low ohms resistance measurement and 
current measurement. 


LCD Annunciator segment drive for resistance measurement and current 
measurement. 


LCD Annunciator segment drive for k (“kilo-Ohms”), m (“milli-Amps” and “milli- 
Volts”) and HOLD mode. : 
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TSC818A Pin Description and Function (Continued) 


Pin No. 
(Quad Flat 
Package) 


13 


14 
15 
16 
17 
18 
19 


20 
1 
22 


23 
24 


25 


26 
27 
28 


29 
30 
31 
32 
33 
35 
36 


Symbol 


BCPO 
(Ones Digit) 


~ ADGO 


FEO 
BCP1-: 
ADG1 
FE1 
BCP2 


ADG2_ 
FE2 
BCP3 


AC/-/AUTO 


-MEM/BATT — 


ANNUNG 


Voc 
COM 
DEINT 


RMREFL 


CReFL 


CREFH 
REFHI 


~QR1 


QR2 
ORS . 
OR4 
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Description 


LCD segment drive for “b”, “c” segments and decimal point of least significant digit 
(LSD). | 


LCD segment drive for “a”, “g”, “d” segments of LSD. 
LCD segment drive for “f’ and “e” segments of LSD. 


LCD segment drive for “b”, “c” segments and decimal point of 2nd mkt 


| LCD segment drive for “a ng” “d" segments of 2nd LSD. 


LCD segment drive for “f’ and “e” segments of 2nd LSD. 


‘LCD segment drive for “b”, “c” c” segments and decimal point of 3rd LSD (Hundred’s 


digit). 

LCD segment drive for “a”, “g”, “d” segments of 3rd LSD. - 

LCD segment drive for “f’ and “e” segments of 3rd LSD. 

LCD segment drive for “b”, “c” segments and decimal point of MSD (Thousand’s 
digit). 

LCD Annunciator segment drive for AC measurements, polarity, and auto- “range 
operation. 


LCD Annunciator segment drive for low battery indication and memory (relative 
measurement). 


Square wave output at the backplane frequency, synchronized to BP1. ANNUNC 
can be used to control display annunciators. Connecting an LCD segment to 
ANNUNC turns it on; connecting it to its backplane turns it off. ANNUNC is also 
used to synchronize the TSC818A and TSC818D backplanes. 


Positive battery supply connection. 


Analog circuit ground reference point. Nominally 3.0 V below Vcc. 


- Deintegrate output. Transmits the a-d conversion result to the bar-graph LCD 


driver. See text. — 

Ratiometric (Resistance measurement) reference low voltage. 

Reference capacitor negative terminal. Carer = 0.1 ue 

Reference capacitor positive terminal. Caer = 0.1 uF. 

Reference voltage for voltage and current measurement. Nominally 163.85 mV. 


Standard resistor connection for 200 Q full-scale. 


“Standard resistor connection for 2000 Q, full-scale. 


Standard resistor connection for 20 kQ full-scale. 


Standard resistor connection for 200 kQ full-scale. 
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TSC818A Pin Description and Function (Continued) 


Pin No. 


(Quad Flat 


Package) 
37 

38 

39 

40 

41 

42 

43 

44 

45 


46 
47 
48 
49 
50 
51 


52 


53 
54 
55 


56 
o/ 
98 


59 


60 


Symbol 
QR5 
VR3 
VR2 


ADO 
ROBUF 


RVIBUF 


ACVH 


Vss 
DIG GND 


RANGE 
HOLD 
MEM 


DC/AC, 
Q/LOW Q 


Description 

Standard resistor connection for 2000 kQ full-scale. 
Voltage measurement ~ 100 attenuator. 

Voltage measurement =~ 10 attenuator. 

Voltage measurement = 10,000 attenuator. 

Voltage measurement = 1000 attenuator. 

Unknown voltage input + attenuator. 

Unknown current input. 

Low output of AC to DC converter. 


Integrator capacitor connection. Nominally 0.1 wF. (Must have low dielectric 
absorption. Polypropylene dielectric suggested). 


Auto-zero capacitor connection. Nominally 0.1 wF. 
Unknown resistance input. 

Input filter connection. : 

Negative input of internal AC to DC operational amplifier. 
Output of internal AC to DC operational amplifier. 


Active buffer output for resistance measurement. Integration resistor connection. 
Integrator resistor nominally 220 kQ. 


Active buffer output for voltage and current measurement. Integration resistor 
connection. Integration resistor nominally 150 kQ. 


Positive output of AC to DC converter. 
Negative supply connection. Connect to negative terminal of 9 V battery. 


Internal logic digital ground. Ground connection for the TSC818D, and the logic “O 
level. Nominally 4.7 V below Vcc. | | 


Input to set manual operation and change ranges. 
Input to hold display. Connect to DIG GND to “freeze” display. 


Input to enter memory measurement mode for relative measurements. The two 
LSD’s are stored and subtracted from future measurements. 


Input that selects AC or DC option during voltage/current measurements. For 
resistance measurements, the Ohms or low power (voltage) Ohms option can be 
selected. 


Input to select measurement. Connect to logic “0” (digital ground) for current 
measurement. 
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TSC818D Pin Description and Function 


Pin No. 
(20-Pin SO) 


Symbol 
18, 19, 20 
15, 16, 17 
12, 13, 14 
9, 10, 11 
6, 7,8 

3, 4, 5 

0, 1, 2 


Vpisp 


CLK 
GND 
SYNC 


DATA 


39, 40, OR 
36, 37, 38 


33, 34, 35 


30, 31, 32 


27, 28, 29 


24, 25, 26 


21, 22, 23 


Voc 


 AUTO-RANGING A/D CONVERTER: 
WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 


Description 

Segments 18, 19, 20 of LCD Display. 
Segments 15, 16, 17 of LCD Display. 
Segments 12, 13, 14 of LCD Display. 
Segments 9, 10, 11 of LCD Display. 


' Segments 6, 7, 8 of LCD Display. 


Segments 3, 4, 5 of LCD Display. 
Segments 0, 1, 2 of LCD Display. 


Sets peak LCD voltage drive level. Connect to Vpisp of TSC818A, or to GND of 
TSC818D. : : | | 


Clock input..Connect to XTAL1 output of TSC818A. 
Digital ground. Connect to DIG GND of TSC818A. 


| ‘Display SYNC input. Synchronizes backplanes of the TSC818A and TSC818D. 


Connect to ANNUNC output of TSC818A. 


Data Input. Pulses at the CLK input are counted while DATA is logic high. Connect 
to DEINT output of TSC818A. - 


Segments 39, 40 and overrange of LCD Display. 


_ Segments 36, 37, 38 of LCD Display. 


Segments 33, 34, 35 of LCD Display. 


Segments 30, 31, 32 of LCD Display. 


Segments 97, 28, 29 of LCD Display. 


_ Segments 24, 25, 26 of LCD Display. 


Segments 21, 22, 23 of LCD Display. 
Power supply input. Connect to Voc of TSC818A. 
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THEORY OF OPERATION 


The TSC818 consists of two CMOS integrated 
circuits: The TSC818A incorporates an autoranging 
a-d converter and drivers for a 3-1/2 digit LCD display, 
while the TSC818D provides data formatting and 
drivers for a 40-segment bar-graph display. Both inte- 
grated circuits are required to form a complete 
measurement system. © 

During each a-d conversion cycle, data is 
transferred from the TSC818A to the TSC818D. There- 
fore, the bar-graph display will track the numeric (3-1/2 
digit) display. The exact relationship between numeric 
display counts and bar-graph segments displayed is 
shown in table 2. Both displays are updated at the same 
rate. When the TSC818A is in its extended resolution 
mode (3000 counts, maximum) the bar-graph will 
display all 40 bars continuously. 


A-D Converter 


The TSC818A includes an integrating a-d con- 
verter with autoranging resolution of 2000 counts and 
manual range resolution of 3000 counts. Figure 2 
shows a simplified schematic of the analog section. In 
autoranging mode, internal logic will adjust the input 
voltage or ohms attenuators so that measurements will 
always be made in the appropriate range. Measurement 
ranges, logic control inputs, 3-1/2 digit LCD display 
formatting and other features are identical to the 
TSC815 autoranging a-d converter. However, the 
TSC818A is not pin compatible with, and is not a 
replacement for, the TSC815. 

A display annunciator output (ANNUNC) can 
be used to customize the LCD display. ANNUNC is a 
square wave at the backplane frequency. Connecting 
an annunciator segment to the ANNUNC driver turns 
the segment on; connecting the segment to its back- 
plane turns it off. 


Bar-Graph Driver 


The TSC818D includes a counter and data 
latch, clock divider, and triplex LCD bar-graph format- 
ting and display functions. A block diagram of the 
TSC818D and connections between the TSC818A and 
TSC818D are shown in figure 3. The TSC818D does not 
require a separate power supply, since it is powered 
from Vcc and digital ground of the TSC818A. 


TSC818 


When the TSC818D DATA input goes to a logic 
high, pulses are counted at the CLK input. A clock 
divider scales clock pulses so that the number of LCD 
bar-graph segments is proportional to the numeric 
display (see Table 2). 

When the DATA input goes low, the counter 
contents are transferred to a display latch. Then the 
bar-graph counter is reset to zero, in preparation for the 
next a-d conversion cycle. 

The CLK input is also divided to produce the 
triplex LCD display drivers. The backplane and segment 
driver waveforms are the same voltage levels as the 
TSC818A. However, the TSC818D segment driver 
waveforms are less complicated than those of the 
TSC818A because adjacent bar-graph segments are 
either on or off. 

The SYNC input permits the synchronizing of 
display backplanes. By connecting the ANNUNC output 
of the TSC818A to the SYNC input of the TSC818D, the 
two sets of LCD drivers will be synchronized. This 
feature permits the use of an LCD display with only one 
set of backplane drivers and saves 3 pin connections to 
the display. 

LCD backplane and segment drive voltages 
are set by the voltage between Vcc and Vpjsp pins. In 
most cases, Vpisp will be connected to GND and the 
LCD drive voltage will be about 5 V. If Vpisp is not 
connected to GND, then Vpisp of the TSC818D must be 
connected to Vpisp of the TSC818A. 


Data Transfer 


Analog conversion results are transferred from 
the TSC818A to the TSC818D via two pins, DEINT and 
XTAL1. DEINT is a TSC818A output with a pulse width 
proportional to the analog voltage being measured. 
DEINT goes to a logic high at the beginning of the 
TSC818A deintegrate cycle, and goes low at the 
comparator zero-crossing (end of conversion). 

Timing of the DEINT pulse width is derived 
from the TSC818A’s XTAL1 output, which provides a 
32.768 KHz clock. The number of clock pulses occurring 
while DEINT is high determines the number of bar- 
graph segments displayed. The relationship between 
numeric display counts and bar-graph segments is 
shown in Table 2. 
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Figure 2: TSC818A Analog Section 
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Table 2: TSC818 Numeric Display vs. 
_ Bar-Graph Segments 


Numeric Reading 


Bar-Graph Segments 


((50*N)-25) to ((50*N)+24) 
(where 1 =< N < 40) 

@ 

@ 


* Readings > 1999 will only occur in manual or expanded 
resolution modes. 


Resistance, Voltage, Current Measurement 
Selection | 


The TSC818 is designed to measure voltage, 
current, and resistance. Auto-ranging is available for 
resistance and voltage measurements. The OHMS (Pin 
1) and | (Pin 60) input controls are normally pulled 
internally to Vcc. | 

By tying these pins to Digital Ground (Pin 55), 
the TSC818 is configured internally to measure resis- 


tance, voltage, or current. The required signal combi- 


nations are shown in Table 3. 


‘Table 3: TSC818 Measurement Selection Logic 


Function Select Pin 
OHM (Pin 1) 


: 


0 = Digital Ground 
1 = Floating or Tied to Voc 


Notes: 

1. OHM &lare normally pulled internally high to Vcc (Pin 26). This 
is considered a logic “1”. 

2. Logic “0” is the potential at digital ground (Pin 55). 


[1 (Pin 60) | Select 

po | | oltage 
a ae ee 

ae ae 


Table 4. 


Selected Measurement | 


| 200 kQ 163850 Q (R4) 


Resistance Measurements—OHMS & Low 
Power OHMS 


The TSC818 can be configured to reliably 
measure in-circuit resistances shunted by semicon-. 
ductor junctions. The TSC818 low power ohms measure- 
ment mode limits the probe open circuit voltage. This 
prevents semiconductor junctions in the measured 
system from turning on. | 

In the resistance measurement mode the 
Q/LOWDQ (Pin 59) input selects the low power ohms 
measurement mode. For low power ohms measure- 
ments Q/LOWNQ (Pin 59) is momentarily brought low to 
digital ground potential. The TSC818 sets up for a low 
power ohms measurement with a maximum open 
circuit probe voltage of 0.35 V above analog common. 
In the low power ohms mode an LCD display annun- 
ciator, LOWQ, will be activated. On power up the low 
power ohms mode is not active. 

Ifthe manual operating mode has been selected, 


toggling Q/LOWNA will reset the TSC818 back to the 


auto-range mode. In manual mode, the decision to 
make a normal or low power ohms measurement 


should be made before selecting the desired range. 


The low power ohms measurement is not 
available on the 200 © full-scale range. Open circuit 
voltage on this range is below 2.8 V. 

The standard resistance values are listed in 


Table 4: Ohms Range Ladder Network 


Full-Scale Standard Low Power 
Range | Resistance Ohms Mode 


2000 Q 1638.5 Q (R2) 


— 2,000 kQ 1,638,500 Q (R5) 


N/A = Not Available 


R8, a positive temperature coefficient resistor, 


~ and the 6.2 V zener, Z1 in Figure 1, provide input voltage 


protection during ohms measurements. 
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Ratiometric Resistance Measurements 


The TSC818 measures resistance ratio- 
metrically. Accuracy is set by the external standard 
resistors connected to Pin 33 through 37. A low-power 
ohms mode may be selected on all but the 200 
full-scale range. The low power ohms mode limits the 
voltage applied to the measured system. This allows 
accurate “in-circuit’ measurements when a resistor is 
shunted by semiconductor junctions. 

Full auto-ranging is provided. External preci- 
sion standard resistors are automatically switched to 
provide the proper range. 


TSC818 


Figure 4 shows a detailed block diagram of the 
TSC818 configured for ratiometric resistance measure- 
ments. During the signal integrate phase the reference 
capacitor charges to a voltage inversely proportional to 
the measured resistance-RX. Figure 5 shows that the 
conversion accuracy relies only on the accuracy of the 
external standard resistors. 

Normally, the required accuracy of the standard 
resistances will be dictated by the accuracy specifi- 
cations of the user’s end product. Table 5 gives the 
equivalent ohms per count for various full-scale ranges 
to allow users to judge the required resistor accuracy. 


Figure 4: Ratiometric Resistance Measurement Functional Diagram 
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Table 5: Reference Resistors 
| Full-Scale - 


Range | Resistor 8 =| Q/COUNT 
ee 
ee ce 


Voltage Measurement 


| Resistive dividers are automatically changed 
to provide in range readings for 200 mV to 2000 V 
full-scale readings (Figure 2). The input resistance is 
set by. external resistors R14/R13. The divider leg 
resistors are R9-R12. The divider leg resistors give a 
200 mV signal at VI (Pin 42) for full-scale yore from 
200 mV to 2000 V. 
For applications which do not require a 10 MQ 
input impedance, the divider network impedances may 
-be lowered. This will reduce voltage offset errors 
induced by switch leakage currents. 


Example: 200 k{) Full-Scale Measurement | | 


(a) 


| 0.64 V For OHMS 
| 0.32 V For LO OHMS | 


TO ANALOG 
BUFFER 


(d) 


Ind 


163.85 kf. 
163.85 + 220 + RX 
RX 


163.85 kQ. + 220 1 + RX 
- + RX 


“Ramp Up Voltage” = “Ramp Down Voltage” 
VX | 


RiCi 
Where: 
Ri = Integrating Resistor, 


VR= x 0.64 


VX x 0.64 


VR TDE 
RiCi 


xT) = 


Ty = Integrate Time 


_ Ci = Integrating Capacitor, Tbe = Deintegrate Time 


TDE 
TI | 


ependent of Ri, Ci or Internal Voltage Reference 


a 


‘Figure 5: Resistance Measurement Accuracy Set by External Standard Resistor 
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Figure 6: Basic TSC815 Conversion Timing 


External Crystal = 32.768 kHz 
Internal Clock Period = Tp = 2/32.768 = 61.04 ee 


Total Conversion Time = Tconv = 8000 (Tp) 
= 488.3 ms ~ 2 CONV/SEC | | 
Integration Time = Ti = 1638.5 (Tp) = 100.0 ms 
Maximum Reference Deintegrate Time | 
= Tpe = 3000 (Tp) = 183.1 ms (Manual, Extended Resolution) 
= 2000 (Tp) = 122.1 ms (Auto-Range) 
Minimum Auto-Zero Time 
= (8000-3000- 1638.5) (Tp) = 205.1 ms (Manual, Extended 
Resolution) 
(Tp) = 266.2 ms (Auto-Range) 


= = (8000-2000-1 638.5) 
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Current Measurement 


The TSC818 measures current only under 
manual range operation. The two user selectable full- 
scale ranges are: 20 mA and 200 mA. Select the current 
measurement mode by holding the | input (Pin 60) low 
at digital ground potential. The OHM input (Pin 1) is left 
floating or tied to the positive supply. 

Two ranges are possible. The 20 mA full-scale 
range is selected by connecting the 20 mA input (Pin 2) 
to digital ground. If left floating the 200 mA full-scale 
range is selected. 

External current to voltage conversion resistors 
are used at the |, input (Pin 43). For 20 mA measure- 
ments a 10 Q resistor is used. The 200 mA range needs 
a 1 resistor. Full-scale is 200 mV. 

PC board trace resistance between analog 
common and R16 (See Figure 1) must be minimized. In 
the 200 mA range, forexample, a 0.05 © trace resistance 
will cause a 5% current to voltage conversion error at || 
(Pin 48). 

The extended resolution measurement option 
operates during current measurements. 

To minimize rollover error the potential differ- 
ence between analog common (Pin 27) and system 
common must be minimized. 
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CONTINUITY 
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AUDI 

FREQUENCY 
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NO “1 = >FLASHING MSD 
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RX >2000 3 DIGITS AND 
? FLASH MSD 
NO EXTENDED 
RESOLUTION 
FEATURE 


DISPLAY 
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READING 


*MODE ALSO OPERATES WHEN AUTO-RANGING OPERATION !S 
SELECTED AND 2 M2 <RX <2.999 M2. > 


Figure 7: Manual Range Selection; 
Resistance Measurement 
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Measurement Options 
AC to DC Measurements 


In voltage and current measurements the 
TSC818 can be configured for AC measurements. An 
on chip operational amplifier and external rectifier 
components perform the AC to DC conversion. 

When power is first applied the TSC818 enters 
the DC measurement mode. For AC measurements 
(current or voltage), AC/DC (Pin 59) is momentarily 
brought low to digital ground potential; the TSC818 
sets-up for AC measurements and the AC liquid crystal 
display annunciator activates. Toggling AC/DC low 
again will return the TSC818 to DC operation. 

If the manual operating mode has been selected 
toggling AC/DC will reset the TSC818 back to the auto- 
range mode. In manual mode operation AC or DC 
operation should be selected first and then the desired 
range selected. 

The minimum AC voltage full-scale voltage 
range is 2 V. The DC full-scale minimum voltage is 
200 mV. 

AC current measurements are available on the 
20 mA and 200 mA full-scale range. 


SELECT 


NON-CONTINUOUS 


OUTPUT 4 kHz 
AUDIO 
FREQUENCY 


OVER-RANGE INDICATOR 


DISPLAY 
“41 000 


“1 = >FLASHING MSD 


DISPLAY LAST 
3 DIGITS 
AND FLASH MSD 


DISPLAY 
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READING 


Figure 8: Manual Range Selection; 
Current Measurement 
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DISPLAY 
4 Ld 000 


“1 = >FLASHING MSD 


DISPLAY LAST 
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FLASH MSD 
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FEATURE 


DISPLAY 
; TRUE 
READING 
Figure 9: Manual Range Selection; 
Voltage Measurement 


Conversion Timing 


The TSC818 analog-to-digital converter uses 
the conventional dual slope integrating conversion 
technique with an added phase that automatically 
eliminates zero offset errors. The TSC818 gives a zero 
reading with a zero volt input. 


The TSC818 is designed to operate with a 


32.768 kHz crystal. The 32 kHz crystal is low cost and 
readily available; it serves as a time base oscillator 
crystal in many digital clocks. (See External Crystal 
Sources). 

The external clock is divided by two. The 
internal clock frequency is 16.348 kHz giving a clock 


period of 61.04 us. The total conversion — auto-zero » 


phase, signal integrate and reference deintegrate — 
requires 8000 clock periods or 488.3 ms. There are 
approximately two complete conversions per second. 

The integration time is fixed at 1638.5 clock 
periods or 100 ms. This gives rejection of 50/60 Hz AC 
line noise. 

The maximum reference deintegrate time, 
representing a full-scale analog input, is 3000 clock 
periods or 183.1 ms during manual extended resolution 
operation. The 3000 counts are available in manual 
mode, extended resolution operation only. In auto- 
ranging mode the maximum deintegrate time is 2000 
clock periods. The 1000 clock periods are added to the 
auto-zero phase. An auto-ranging or manual conversion 


takes 8000 clock periods. After a zero crossing is 
detected in the reference deintegrate mode, the auto- 
zero phase is entered. 

Figure 6 shows the basic TSC818 timing rela- 
tionships. 


; EXTENDED 
YES RESOLUTION 


SSP isc018 
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; BUZZER © 
OVER-RANGE 
DISPLAY “1” 000 
FLASH MSD 


START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 


Figure 10: Auto-Range Operation; 
Voltage Measurement 
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Manual Range Selection 


The TSC818 voltage and resistance auto- 
ranging feature can be disabled by momentarily bringing 
RANGE (Pin 56) to digital ground potential (Pin 55). 
When the change from auto-to-manual ranging occurs 
the first manual range selected is the last range in the 
auto-ranging mode. 

The TSC818 power-up circuit selects auto- 
range operation initially. Once the manual range option 
is entered, range changes are made by momentarily 
grouding the RANGE control input. The TSC818 re- 
mains in the manual range mode until the measurement 
function (voltage or resistance) or measurement option 
(AC/DC, Q/LO Q) changes. This causes the TSC818 to 
return to auto-ranging operation. 

The “Auto” LCD annunciator driver is active 
only in the auto-range mode. 

Table 6 shows typical operation where the 
manual range selection option is used. Also shown is 
the extended resolution display format. 


Extended Resolution Manual Operation 


The TSC818 extends resolution by 50% when 
operated in the manual range select mode for current, 
voltage, and resistance measurements. Resolution in- 
creases to 3000 counts from 2000 counts. The extended 
resolution feature operates only on the 2000 kQ and 
2000 V ranges during auto-range operation. 

In the extended resolution operating mode, 
readings above 1999 are displayed with a blinking “1” 
most significant digit. The blinking “1” should be 
interpreted as the digit 2. The three least significant 
digits display data normally. The bar-graph LCD will be 
fully extended. 

An input overrange condition causes the most 
significant digit to blink and sets the three least 
significant digits to display “O00”. The buzzer output is 
enabled for input voltage and current signals with 
readings greater than 2000 counts in both manual and 
auto-range operation. 

For resistance measurements the buzzer signal 
does not indicate an overrange condition. The buzzer is 
used to indicate continuity. Continuity is defined as a 
resistance reading less than 19 counts. 
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-MEM Operating Mode 


Bringing MEM (Pin 58) momentarily low con- 
figures the TSC818 “-MEM” operating mode. The 
-~MEM LCD Annunciator becomes active. In this oper- 
ating mode subsequent measurements are made rela- 
tive to the last two digits (<99) displayed at the time 
MEM is low. This represents 5% of full-scale. The last 
two significant digits are stored and subtracted from all 
the following input Conversions. 

A few examples clarify operation: 


Example 1: In Auto-Ranging 
Ri (N) = 18.21 kQ (20 kQ Range) = Display 18.21 kQ 
MEM = Store 0.21 kQ 


Ri (N + 1) = 19.87 kQ (20 kQ Range) 
= Display 19.87 - 0.21 = 19.66 kQ 


Ri (N + 2) = 22.65 kQ (200 kQ Range) 
= Display 22.7 kQ & MEM Disappears 


Example 2: In Fixed Range 200.0 Q Full-Scale 
Ri (N) = 18.2 Q = Display 18.2 Q 
MEM = Store 8.2 Q 
Ri (N + 1) = 36.7 Q 
= Display 36.7 - 8.2 = 28.5 
Ri (N + 2) = 5.8 Q 
= Display 5.8 - 8.2 = -2.4 )* 
* Will display minus resistance if following input is less than offset 
stored at fixed range. 
Example 3: In Fixed Range 20.00 V Full-Scale 
Vi (N) = 0.51 V = Display 0.51 V 
MEM 2 Store 0.51 V 
Vi (N + 1) = 3.68 V 
= Display 3.68 - 0.51 
Vi (N + 2) = 0.23 V 
= Display 0.23 - 0.51 = -0.28 V 


Vi (N + 3) = -5.21V 
= Display -5.21 - 0.51 = -5.72 V 


3.17 V 


On Power up the TSC818 “-MEM” mode is not 
active. Once the “-MEM” is entered bringing MEM low 
again returns the TSC818 to normal operation. 


AUTO-RANGING A/D CONVERTER 


WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAY 


TSC818 


The “-MEM” mode is also canceled whenever 
the measurement type (resistance, voltage, current, 
AC/DC, Q/LO Q) or range is changed. The LCD -MEM 
annunciator will be off in normal operation. 
| . In auto-range operation if the following input 
signal cannot be converted on the same range as the 
stored value, the “-MEM” mode is canceled. The LCD 
‘annunciator is turned off. | 
The “-MEM” operating mode can be very useful in 
resistance measurements when lead length resistance 
would cause measurement errors. 


. sn TSC818 
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ACTIVATE 
BUZZER 


DISPLAY 
000 
FLASH MSD 


START: POWER ON, FUNCTION OR MEASUREMENT OPTION CHANGE 


Figure 11: Auto-Range Operation; 
Resistance Measurement 


Automatic Range Selection Operation 


When power is first applied the TSC818 enters 
the auto-range operating state. The auto-range mode 
may be entered from manual mode by changing the 
measurement function (resistance or voltage) or by 
changing the measurement option (AC/DC, Q/LO Q). 

The automatic voltage range selection begins 
on the mostsensitive scale first: 200 mV for DC.or 2.000 V 
for AC measurements. The voltage range selection 
flow chart is given in Figure 10. 

Internal input protection diodes to Voc (Pin 26) 
and Vss (Pin 54) clamp the input voltage. The external 
10 MQ input resistance (See Figure 1, R14 and R13) 
limits Current safely in an overrange condition. 

The voltage range selection is designed to 
maximize resolution. For input signals less than 9% of 
full-scale (count reading <180) the next most sensitive 
range is selected. 

An overrange voltage input condition is flagged 
whenever the internal count exceeds 2000 by activating 
the buzzer output (Pin 3). This 4 kHz signal can directly 
drive a piezo electric acoustic. transducer. An out of 
range input signal causes the 4 kHz signal to be on for. 


122 ms, off for 122 ms, on for 122 ms, and off for 610 ms 


(See Figure 16). | 

During voltage auto- -range operation the ex- 
tended resolution feature operates on the 2000 V range 
only (see extended ‘resolution operating mode dis- 
cussion). 
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Figure 12: Low Battery Detector 
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The resistance automatic range selection pro- 
cedure is shown in Figure 11. The 200 Q range is the 
first range selected unless the TSC818 low ohms 
resistance measurement option is selected. In low 
ohms operation the first full-scale range tried is 2 kQ. 

The resistance range selected maximizes sensi- 
tivity. If the conversion results in a reading less than 180 
the next most sensitive full-scale range is tried. 

If the conversion is less than 19 in auto-range 
operation a continuous 4 kHz signal is output at BUZ 
(Pin 3). An overrange input does not activate the buzzer. 

Out of range input conditions are displayed by 
a blinking most significant digit with the three least 
significant digits set to “O00”, and by the fully extended 
bar-graph. 

The extended resolution feature operates only 
on the 200 kQ and 2000 V full-scale range during auto- 
range operation. A blinking “1” most significant digit is 
interpreted as the digit 2. The three least significant 
digits display data normally. 


Low Battery Detection Circuit 


The TSC818 contains a low battery detector. 
When the 9 V battery supply has been depleted toa 7 V 
nominal value the LCD display low battery annunciator 
is activated. | 

The low battery detector is shown in Figure 12. 
The low battery annunciator is guaranteed to remain 
OFF with the battery supply greater than 7.0 V. The 
annunciator is guaranteed to be ON before the supply 
battery has reached 6.3 V. 


Triplex Liquid Crystal Drive 


The TSC818 directly drives a triplexed liquid 
crystal display (LCD) using 1/3 bias drive. All numeric 
data, decimal point, polarity and function annunciator 
drive signals are developed by the TSC818A. The bar- 
graph data is developed to the TSC818D. A direct 
connection to a triplex LCD display is possible without 
external drive electronics. Standard and custom LCD 
displays are readily available from LCD manufacturers. 

The LCDs must be driven with an AC signal 
having a zero DC component for long display life. The 
liquid crystal polarization is a function of the RMS 
voltage appearing across the backplane and segment 
driver. The peak drive signal applied to the LCD is: 


Vcc - Voisp- 
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O VDiISP 


Vp = VCC - VDISP 
“OFF” = Vp/3_ RMS 


ge 
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Figure 13: 1/3 Bias LCD Drive 


If Vpisp, for example, is set at a potential 3 V 
below Vcc the peak drive signal is: 


Vp = Voc - Voisp = 3 V 


An “OFF” LCD segment has an RMS voltage of 
V)/3 across it or 1 volt. An “ON” segment has a 0.63 Vp 
signal across it or 1.92 V for Vcc - Vpisp = 3 V. 

Since the Vpjsp pin is available the user may 
adjust the “ON” and “OFF” LCD levels for various 
manufacturer's displays by changing V,. Liquid crystal 
threshold voltage moves down with temperature. 

“OFF” segments may become visible at high 
LCD operating temperatures. A voltage with a -5 to -20 
mv/° C temperature coefficient can be applied to Vpisp 
to accommodate the liquid crystal temperature oper- 
ating characteristics if necessary. 

The TSC818A and TSC818D internally generate 
two intermediate LCD drive potentials (Vy & V_) from 
resistive dividers (Figure 13) between Vcc and Vpjsp. 
The ladder impedance is approximately 150 kQ. This 
drive method is commonly known as 1/3 bias. With 
Vpisp connected to digital ground V, ~ 5.0 V. 

The intermediate levels are needed so that 
drive signals giving RMS “ON” and “OFF” levels can be 
generated. Figure 14 shows a typical drive signal and 
the resulting wave forms for “ON” and “OFF” RMS 
voltage levels across a selected numeric LCD element. 
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LCD Displays 


Most users will design their own custom LCD 
display. However, for prototyping purposes, a standard 
display is available from Varitronix, Ltd. The prototype 
display configuration is shown in Figure 15. 


Varitronix Ltd. 

9/F Liven House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 

Tel: 3-410286 | 

TELEX: 36643 VTRAX HX 

FAX: 3-7556033 


Part No. VIM-328-DP 


USA OFFICE: 

VL Electronics Inc. 
2775 Glendower Ave. 
Los Angeles, CA 90027 
Tel: (213) 661-8883 
TELEX: 821554 


_BACKPLANES 


Vp 

Vy 

v 
0 


‘BP3 


Waveforms to Generate 3 


Figure 14: Triplex LCD Drive Waveforms 


External Crystal 


The TSC818 is designed to operate with a 
32,768 Hz crystal. This frequency is internally divided 
by two to give a 61.04 us clock period. One conversion 
takes 8000 clock periods or 488.3 msec (~2 conversions/ 
second). Integration time is 1638.5 clock periods or 
100 ms. ae | 

The 32 kHz quartz crystal is readily available 
and inexpensive. The 32 kHz crystal is commonly used 
in digital clocks and counters. 

Several crystal sources exist. A partial listing is: 


Statek Corporation 
~§12 N. Main | 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 
TELEX: 67-8394 
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Figure 15: Typical LCD Display Configuration TSC818 Triplex 


Daiwa Sinku Corporation 

1389, Shinzaike - AZA-Kono 
Hirakacho, Kakogawa Hyogo, Japan 
Tel: 0794-26-3211 


International Piezo LTD 
24-26, Sze Shan Street 
Yau Ton, Hong Kong 
TLX: 35454 XTAL HX 
Tel: 3-3501151 


Contact manufacturer for full specifications. 


“Buzzer” Drive Signal 


The TSC818 BUZ output (Pin 3) will drive a 
piezo electric audio transducer. The signal is activated 
to indicate an input overrange condition for current 
and voltage measurements or continuity during resis- 
tance measurements. 

During a resistance measurement a reading 
less than 19 on any full-scale range causes a continuous 
4 kHz signal to be output. This is used as a continuity 
indication. 


A voltage or current input measurement over- 
range Is indicated by a non-continuous 4 kHz signal at 
the BUZ output. The LCD display MSD also flashes and 
the three least significant digits are set to display zero. 
The buzzer drive signal for overrange is shown in 
Figure 16. The buzzer output is active for any reading 
over 2000 counts in both manual and auto-range 
operation. The buzzer is activated during an extended 
resolution measurement. 

The BUZ signal swings from Vcc (Pin 26) to 
Digital Ground a 95). The signal is at Voc when not 
active. 

The buz output is also activated for 15 ms 
whenever a range change is made in auto-range or 
manual operation. Changing the type of measurement 
(voltage, current, or resistance) or measurement option 
(AC/DC, 9/LO Q) will also activate the buzzer output 
for 15 ms. A range change during a current measure- 
ment will not activate the buzzer output. 

Vendors for piezo electric audio transducers 
are: 
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Gulton Industries Table 7: Decimal Point Selection 
Piezo Products Division © 
212 Durham Avenue 


1 * 
Metuchen, New Jersey 08840 Full-Scale Range DP3 


(201) 548-2800 


Typical P/N’s: 102-95NS, 101-FB-00 RES se i Se 
sana iden OSAUIRE 200.0 V, 200.0 kQ OFF OFF ON 
Arlington Center 20.00 V, 20.00 kQ OFF ON ~~ OFF 
eee eco [2.000 v, 2.000 ka | ON OFF OFF | 
Arlington Hts, lllinois 60005 | eee Oe: as 
Typical P/N’s: CB27BB, CB20BB, CB355BB 200.0 mV, 200.09 | OFF OFF ON 
Display Decimal Point Selection dees eA ea 


The TSC818 provides a decimal point LCD 2000mA | — OFF = COOFF COON 
drive signal. The decimal point position is afunction of — | 
the selected full-scale range as shown in Table 7. 
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Figure 16: TSC818 Timing Waveform for Buzzer Output 
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AC to DC Converter Operational Amplifier 


The TSC818 contains an on chip operational 
amplifier that may be connected as a rectifier for AC to 
DC voltage and current measurements. Typical oper- 
ational amplifier characteristics are: 


@ Slew Rate: 1 V/us 

m Unity Gain Bandwidth: 0.4 MHz 

m Open Loop Gain: 44 dB 

m Output Voltage Swing (Load = 10 kQ) + 1.5 V 
(Reference to Analog Common) 


When the AC measurement option is selected 
the input buffer receives an input signal through switch 
$14 rather than switch S11 (see Figure 2). With external 
circuits the AC operating mode can be used to perform 
other types of functions within the constraints of the 
internal operational amplifier. External circuits that 
perform true RMS conversion or a peak hold function 
are typical examples. 


Component Selection 
integration Resistor Selection . 


The TSC818 automatically selects one of two 
external integration resistors. RVIBUF (Pin 52) is se- 
lected for voltage and current measurement. RQBUF 
(Pin 51) is selected for resistance measurements. 


RVIBUF Selection (Pin 52) 


In auto-range operation the TSC818 operates 
with a 200 mV maximum full-scale potential at VI! (Pin 
42). Resistive dividers at VR2 (Pin 39), VR3 (Pin 38), 
VR4 (Pin 41) and VR5 (Pin 40) are automatically 
switched to maintain the 200 mV full-scale potential. 

In manual mode the extended operating mode 
is activated giving a 300 mV full-scale potential at VI 
(Pin 42). | 

The integrator output swing should be maxi- 
mized but saturations must be avoided. The integrator 
will swing within 0.45 V of Vcc (Pin 26) and 0.5 V of Vss 
(Pin 54) without saturating. A +2 V swing is suggested. 
The value of RVIBUF is easily calculated assuming a 
worst case extended resolution input signal: 


Vint = Integrator Swing = +2 V 


Ty = Integration Time = 100 ms 
C; = Integration Capacitor = 0.1 uF 
Vuax = Maximum input at V; = 300 mV 
V T 
avipur = MAX) 469 Ko 
Vint (Ci) 


TSC818 


ROQBUF Selection (Pin 51) 


In ratiometric resistance measurements the 
signal at Rx (Pin 47) is always positive with respect to 
analog common. The integrator swings negative. 

The worst case integrator swing is for the 200 
Q range with the manual, extended resolution option. 

The input voltage VX (Pin 47) is easily calculated 
(Figure 17). 


Rg ~ 600 2 


163.85 2 


ANALOG COMMON =Voc-3V — 


Figure 17: RQBUF Calculation (200 Q Manual 


Operation) 
Vancom = Potential at Analog Common =~ 2.7 V 
Rs = 220 
Ry = 163.85 
Rx = 300 
Rs §—_- = Internal Switch 33 Resistance ~ 600 Q 
Vec - V R 
ROBUF = (Vcc - Vancom) Rx = 0.63 V 


(Rx + Rg + Ry + Rg) 


For a 3.1 V integrator swing the value of 
ROBUF is easily calculated: 


Integrator Swing = 3.1 V 
Integration Time = 100 ms 
C; = Integration Cap. = 0.1 yF 
Rx Max = 300 

Vy Max = 700 mV 


Vy MAX) (T 
(Vx ) ( ) 390.0 
Cy (Vint) 


a 
nou 


ROBUF = 
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AUTO- RANGING A/D CONVERTER 


WITH 3-1/2 DIGIT AND BAR GRAPH DISPLAYS 


TSC818 | 


With a low battery voltage of 6.6 V analog 
common will be approximately 3.6 V above the negative 
supply terminal. With the integrator swinging down 
from analog common toward the negative supply a3.1 V 


swing will set the integrator output to 0.5 V above the 


negative supply. 


Cint, Caz and Crer Capacitors 


The integration capacitor, Cyr, must have low 
dielectric absorption. A 0.1 uF polypropylene capacitor 
is suggested. The auto-zero capacitor, Caz, and refer- 
ence capacitor, Crer, should be selected for low 
leakage and dielectric absorption. Polystyrene capa- 
citors are good choices. — 


Reference Voltage Adjustment 


The TSC818 contains a low temperature drift 
internal voltage reference. The analog common poten- 
tial (Pin 27) is established by this reference. Maximum 
drift is alow 75 ppm/°C. Analog common is designed to 
be approximately 2.6 V below Vcc (Pin 26). A resistive 
divider (R18/R19, Figure 1) sets the TSC818 reference 


mv. 
With an input voltage near full-scale on the 200 
mV range, R19 is adjusted for the proper reading. 


Display Hold Feature 


The LCD display will not be updated when 
HOLD (Pin 57) is connected to Ground (Pin 55). 


60-Pin Plastic Flat | Package. 


ii 
{ 
.102 + .012 
aes 


“BQ” Package — Formed Leads 
(Package #21) 


050 + .006 


input voltage (REFHI, Pin 32) to approximately 163.85 


Conversions are made but the display is not updated. A 
HOLD Mode LCD annunciator is ecvaNeS when HOLD 
is low. 

The LoD HOLD annunciator is activated 
through the triplex LCD driver signal at Pin 12. — 


Flat Package Socket 


Sockets suitable for prototype work are avail- : 
able. A USA source is: 


Nepenthe Distribution © 
2471 East Bayshore, Suite 520 


Palo Alto, CA 94303 — 


(415) 856-9332 | 
TWX: 910-373-2060 


“CBQ” Socket Part No. IC51-064-042 | 


Resistive Ladder Networks | 


Resistor attenuator networks for vollage and 
resistance measurement are aaa Horm: | 


Caddock Electronics | 
1717 Chicago Avenue. 
Riverside, CA 92507 | 
TEL: (714) 788-1700 | 
TWX: 910-332-6108 _ 


_ Attenuator — . Attenuator Caddock 
Accuracy Type Part Number 


0.1% Voltage. 1776-C441 
0.25% | | Voltage 1776-C44 
0.25% | T1794-204-1 


Resistance 


° ; : é 


Ai mM 


PIN 1 INDICATION 
DIMPLE OR BUTTON 
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The Analog Signal Processing Company™ 


TSC825 


ONE-PERCENT ANALOG-TO-DIGITAL CONVERTER 
WITH LCD BAR GRAPH DRIVE 


FEATURES 


M@ One-percent LCD bar graph readout 

with triplex LCD display, 101 datasegments, 
over-range and under-range annunciators 
Display HOLD input 

Differential analog input 

Differential reference for ratiometric 
measurements 

100 mV to 2.0 V full-scale 

9 V battery or +5 V supply operation: 

10 mW power dissipation 

68-lead PLCC package that permits either 
surface or socket mounting 


Mi 
| fey ia 


DIFFERENTIAL Caz Cint 
ANALOG 


INPUT Rint 


DISPLAY HOLD 


ANALOG COMMON/ MWe. TSC825 
VREF OUTPUT 1% ADC WITH 
LCD DISPLAY DRIVE 


+REF 


DIFFERENTIAL 
REFERENCE 
INPUT 


6 LCD 
REF yi v5 BIAS ADJUST 


TRIPLEX 
LCD DRIVE 4 ee 
UNDERRANGE: 


O00 
OVERRANGE TRIPLEX LCD BAR-GRAPH DISPLAY 


| | - 99 100 1% (100 DATA PLUS ZERO) RESOLUTION 


©1987 
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GENERAL DESCRIPTION 


For rapid recognition, a graphical display is — 


preferred over a digital display. For example, knowing 
that a process or system operates within design limits 
is more valuable than a direct system variable readout. 
A bar graph display supplies information precisely 
without requiring further interpretation by the viewer. 

The TSC825 is a complete integrating analog- 
to-digital converter with triplex liquid crystal (LCD) 
display drive. A 101-element LCD bar graph directly 
connects to the TSC 825 providing 1% resolution. LCD 
annunciators flag under-range and over-range inputs. 

While the LCD bar graph displays 101 seg- 
ments, the TSC825 A/D converter operates with 0.1% 
resolution. The expanded internal resolution reduces 
noise and flicker in the LCD display. 

Operating from a single 9 V battery or from | 
+5 V supplies, the CMOS TSC825 dissipates only 15 
mW. Differential inputs accept positive polarity input 
signals from 100 mV to 2.0 V full-scale. A550 ppm/°C 
low drift voltage reference is also included on the chip. 
The dual-slope integrating conversion method with 
auto-zero and zero-integrator phases maximizes 
noise immunity and ensures rapid recovery from input 

over-ranges. 


Pin Configuration 


SEGMENT DRIVERS FOR LCD DISPLAY 


TSC825 


‘68-LEAD PLASTIC 
LEADED CHIP CARRIER (PLCC) 


NOTES: 1. For Segment Driver Assignments, See Table * 


NEW PRODUCT INFORMATION 


Ordering Information —_—_ 


Temperature 


Part No. Package 
| | Range 
TSC825CLS_  68-lead PLCC Oto 70°C 


The TSC825 is available in a 68-lead plastic leaded 


chip carrier (PLCC). For a 2.5% resolution A/D con- 


verter with bar graph output, see the TSC826 data 
sheet. For a 1% resolution A/D converter with bar 
graph output, serial data output and dual set points see 
the TSC827 data sheet. 
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Absolute Maximum Ratings 


TSC825 


Supply voltage (V;to Vj........--2 2. eee. 15V Notes 

Reference voltage (REF+ or REF-) (Note 1). .V.to V; 1. Input voltages may exceed the supply voltage provided input 

Input voltage (+IN or -IN) (Note 1)......... Vito V> _ currentis limited to + 100 A. Currents above this value may result 
oe ey esta ue ore etd A ecete V*to DGND - 0.3 V__ ininvalid display readings but will not destroy the device if limited 

Digital input (Pin 64)...............-. VitoDGND +1 mA. 

Integrator input (Pin 4).............0008. V.toV. 2. Dissipation ratings assume device is mounted with all leads 

Power dissipation (Note 2).............. 800 mW ses soldered to printed circuit board. 

Operating temperature range.......... 0 to +70°C 

Storage temperature range......... -65 to +150°C 

Lead soldering temperature (10 sec)........ 300°C 


Stresses above those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications 
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


Electrical Characteristics : 
unless otherwise specified. 


V,=+5V,R,, = 160 kQ, T, = 25°C, full-scale = 100 mV 


SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Zero input reading V,,=0.0 V Under- po jo Display 
range 
Zero reading drift V,=0.0 V pf 02 | tT LV/°C 
NL Linearity error 0°C <T, <+70°C -1 +1 Count 
max deviation 
from best straight line 
current 
CMRR Common mode Viae=t1V 70 dB 
rejection ratio V,=0V 
Scale factor temp 0°C <T,<+70°C 1 ppm/°C 
coefficient external ref temp 
coefficient = 0 ppm/°C 
V os Analog common = 250 kQ. between 3.1 3.3 3.5 V 
voltage Vand common 
Voc Analogcommon 0O°C <T, < +70°C 50 ppm/°C 
temp coefficient 
Conversion rate For R,,,, see Figure 12 Conv/sec 
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Electrical Characteristics : 
unless otherwise specified. 


SYMBOL 


NEW PRODUCT INFORMATION 


PARAMETER 


Full-scale input 
range 


Common mode 
input range 


LCD segment 


_ drive voltage 


LCD backplane 
drive voltage 


Supply current 


V,=+5V, R,, = 160 kQ, T, = 25°C, full-scale = 100 mV 


TEST CONDITIONS MIN TYP = MAX UNIT 
10.1 wo |v 
Veet | oVid t13 ]. Vv 
V,+ 0.6 | 7 
7 ; a? ; * ee . 
ig ; ee ie | : 


Pin Description and Function 


Pin No. 


{ 


2 


3 


4 


11 


12 


Name 


-IN 


+IN 


BUFF 


INT IN 


INT OUT 


Annunciator 


DISP 


Description 

Negative signal analog input 

Positive signal analog input 

Buffer output. Connect to integration resistor. 

Negative integrator input. Connect to auto-zero capacitor. 
Integrator output. Connect to integration capacitor. 


Positive supply voltage. Typically + 9 V battery or | 
+ 5 V supply. | 7 


Oscillator resistor (R,,,) connection. | 

Oscillator resistor (R,,,) connection. 

Annunciator driver. Output is a Square wave at the 
backplane frequency. Any LCD segment attached to 


annunciator will be turned on. 


Sets LCD display voltage drive level. Normally connected 
to DIGITAL GND (DGND). 
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TSC825 


Pin Description and Function (continued) 


Pin No. 
13 

14 

15 
16-52 
53 

54 


59 


64 


65 


66 


67 


68 


Name 

BP1 

BP2 

BP3 

0-98 

UR, 100, 99 
OR 


DGND 


COM 


REF+ 


REF- 


Description 

Backplane 1 of LCD display 

Backplane 2 of LCD display 

Backplane 3 of LCD display 

Segment drivers for bars 0 through 98 of LCD display 
Segment drivers for Nacersenne: 100, 99 

Segment driver for over-range segment 

Digital ground. Internal reference voltage for internal sale 
and LCD display. Do not connect to power supply ground. 
Connect a 10 uF capacitor from DIGITAL GND TO V; (Pin 


6). See applications section for details. 


Display HOLD input. If held low (i.e., connected to DGND), 
conversions will continue but display is not updated. 


Negative supply voltage input. Typically battery ground or 
- 5 V supply. 


Analog common. Establishes the internal analog ground 
point. ANALOG COMMON is set 3.3 V below the positive 
supply by an internal zener reference circuit. The voltage 
difference between V.” and ANALOG COMMON can be used 
to supply the TSC825 voltage reference. 


Differential reference input positive 


Differential reference input negative 


Note: Pins 9, 10, 26, 27, 43, 44, 55, 56, 57, 58, 60, 61, 62 and 63 are NC (no internal connection). 
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Typical Schematic 


ANALOG 
INPUT 


0.01 uF 


‘NEW PRODUCT INFORM ATION ~ 


SEGMENT 
DRIVERS 


LCcO 
DISPLAY 


““~ 


TSC825 


(Pin Numbers Shown are 
‘for 68-Lead PLCC) 


INT OUT 
osc1 


R = 160 k 
an 40 k 


(See Toxt) 


Dual Slope Conversion Principles 


The TSC825 is a dual slope, integrating ana- 
log-to-digital converter. The dual slope converter 
meashieMelLeyer has two distinct phases: 


@ Input signal integration 
lm Reference voltage integration (deintegration). 


The input signal being converted is integrated 
for a fixed time period (T,). Time is measured by 
counting clock pulses. An opposite polarity constant 
reference voltage is then integrated until the integrator 
output voltage returns to zero. The reference integra- 
tion time is directly proportional to the input signal (T.,) 
(Figure 1.) 

In a simple dual slope converter, a complete 
conversion requires the integrator output to ramp up 
and ramp down. 

A simple mathematical equation relates the 
input signal reference voltage and integration time: 


Ts 


ee Vin(t}dt = 


Vr Tai 
RC RC 


ANNUNCIATOR 


BPI 
BP2 
_ BP3 


_ ANALOG: 
INPUT O———O 
SIGNAL 


1 
ee | 


Lo 


PHASE CONTROL 


- DISPLAY (e COUNTER 


Vin = 1/2 Veutt-scace 
t———Vin * VFULL-SCALE 


FIXED | 
SIGNAL VARIABLE 
INTEGRATE REFERENCE 
Tl INTEGRATE TIME 


INTEGRATOR OUTPUT 


Figure 1: Dual Slope Converter Block Diagram | 


where: 

V, = Reference voltage 

T,, =Signal integration time (fixed) 

T,, = Reference voltage integration time (variable) 
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For a constant V,, : Viv = Ve ta 


Tsi 


The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as 
they are stable during a measurement cycle. An 
inherent benefit is noise immunity. Noise spikes are 
integrated or averaged to zero during the integration 
periods, making integrating ADCs immune to the large 
conversion errors that plague successive approxima- 
tion converters in high noise environments. Interfering 
signals with frequency components at multiples of the 
averaging period are attenuated (Figure 2). 


NORMAL MODE REJECTION (dB) 


T = MEASUREMENT PERIOD 


0.1/T V/T 10/T 
INPUT FREQUENCY 


Figure 2: Normal-Mode Rejection 
of Dual Slope Converter 


The TSC825 converter improves upon the 
conventional dual slope conversion technique by in- 
corporating auto-zero and zero-integrator phases. 
The auto-zero phase eliminates zero-scale offset er- 
rors and drift. The zero-integrator phase provides 
rapid recovery from input over-range conditions. 


THEORY OF OPERATION 


Conversion Resolution and Timing 

The TSC825 displays the analog input as 101 
segments, but internally the A/D conversion has a 
resolution of 1,000 counts. The expanded internal 
resolution greatly reduces noise and jitter of the bar 
graph display. Because of the expanded internal 
resolution, each measurement cycle consists of 4,000 
cycles of the TSC825 internal clock. 


TSC825 


Analog Section 

In addition to the basic signal integrate and 
deintegrate phases, the TSC825 incorporates auto- 
zero and zero-integrator phases. The auto-zero phase 
removes buffer amplifier, integrator and comparator 
offset voltage error terms from the conversion. The 
zero-integrator phase ensures quick recovery from an 
input overload. A complete conversion consists of four 
phases: 


@ Auto-zero 

@ Integrate 

@ Deintegrate 

@ Zero integrator. 


(See figures 3 and 4.) 


Auto-Zero Phase 


During the auto-zero phase the differential 
input signal is disconnected from the circuit by opening 
internal analog gates. The internal nodes are shorted 
to analog common (internal analog ground) to estab- 
lish a zero input condition. Additional analog gates 
close a feedback loop around the integrator and 
comparator, permitting comparator offset voltage error 
compensation. The voltage level established on C,, 
compensates for device offset voltages. The auto- 
zero phase is 1,500 clock cycles. 


Signal Integration Phase 


The auto-zero loop is opened and the internal 
differential inputs connect to +IN and -IN. The differen- 
tial input signal is integrated for a fixed time period. The 
TSC825 signal integration period is 1,000 clock cycles 
orcounts. The externally set clock frequency is divided 
by 2 before clocking the internal counters. The integra- 
tion time period is: 


Te ieee 1000 


oSCc 


where Foso= Clock frequency (at OSC2 pin). 

The differential input voltage must be within 
the device common-mode range when the converter 
and measured system share the same power supply 
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COMPARATOR 


TO 
INTO iN. DIGITAL - 
+INPUT O-—————() ' SECTION 


ANALOG O 
COMMON 


—INPUTO 


FROM <= AZ 
DIGITAL <— INT 
“CONTROL ~<@—— DEINT 
SECTION <2! 


ANALOG 
SWITCH 


Figure 3: TSC825 Analog Section 


‘SIGNAL REFERENCE INTEGRATE 


AUTO-ZERO __. INTEGRATE PHASE (R = 
: > a 
PHASE (AZ) . PHASE (S1) (DEINTEGRATE) oe HASE ‘zn a 


INTEGRATOR . 
OUTPUT 


ANALOG 
COMMON . 
POTENTIAL 


ZERO CROSSING 
DETECTED 


INTERNAL SYSTEM 
CLOCK (FSYS) 


INTERNAL DATA. 
LATCH UPDATE 
SIGNAL 

Tom Vin 
1500 to 499 COUNTS (See Text) 
NUMBER OF 
COUNTS —— p> 
ad a 


N 1001 COUNTS 
1500 COUNTS i 1000 COUNTS MAXIMUM 


1 
ONE CONVERSION CYCLE = 4000 COUNTS (Tcony = 4000 x— 
SYS 


Figure 4: TSC825 Conversion Has Four Cycles 
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common (ground). If the converter and measured 
system do not share the same power supply common, 


-IN should be tied to analog common. This is the usual _ 


connection for battery operated systems. 


Reference Integrate Phase 

The third phase is reference deintegrate. V_is 
connected internally to REF+ and V-is connected to 
REF-. The time for the integrator output to return to 
zero is proportional to the input signal and is between 
0 and 1,000 counts. The digital reading displayed is: 


Vin 
VREF 
while the internal conversion result is: 


Vin 
REF 


As with the analog input, the differential refer- 
ence input must be within the common mode range (V- 
+ 1.0 V to V’- 1.3 V). Although only 100 LCD segments 
are displayed, this phase lasts a maximum of 1,001 
counts. The final count will detect an input over-range 
condition and set the over-range LCD segment on. 


100 


1000 


Zero-Integrator 
The fourth Phase is zero-integrator. The 
comparator output is connected to V., causing the 


integrator output to return to 0 V. This phase ensures 
a rapid recovery from input over-range conditions. 

Zero-integrator phase lasts a minimum of 499 
counts. Also, unused reference integrate counts are 
spent in Z-I. The Z-| phase is therefore variable, and 
will be: 


499 + (1,001 - reference integrate counts). 


System Timing 

The oscillator frequency is divided by 2 prior to 
clocking the internal counters. The four-phase meas- 
urement cycle takes a total of 4,000 clock pulses. The 
4,000-count cycle is independent of input signal mag- 
nitude. 

Phase lengths of the measurement cycle are: 


@ Auto-zero phase—1,500 counts 
@ Signal integrate—1,000 counts 


TSC825 


This time period is fixed. The integration period is: 


Ta 1000 | 2 | 


Fosc 


Where a is the externally set clock frequency. 


@ Reference integrate—O to 1,001 counts 
@ Zero-integrator—499 to 1,500 counts 


For signals less than full scale, the zero-integrator 
phase is assigned the unused reference integrate time 
period. 


Differential Signal Inputs 


The TSC825 is designed with true differential 
inputs and accepts input signals within the input stage 
common-mode voltage range (V.,,). The typical range 
is V.*-1.3V to V; +1V. Common-mode voltages are 
removed from the system when the TSC825 operates 
from a battery or floating power source (isolated from 
measured system) and -IN is connected to analog 
common (V,,,,). In this case, analog common provides 
a common mode bias point about 3.3 V below the 
positive supply (V+). 

In systems where common-mode voltages 
exist, the TSC825's 70 dB common-mode rejection 
ratio minimizes error. Common-mode voltages do, 
however, affect the integrator output level. Integrator 
output saturation must be prevented. Since the 
TSC825 will only convert positive input voltages, the 
worst-case condition exists if a large negative V,, 
exists in conjunction with a full-scale differential signal. 
The input signal drives the integrator output negative 
along with V,,.. For such applications, the integrator 
output swing can be reduced below the recommended 
3.0 V full-scale swing. The integrator output will swing 
within 0.3 V of V; without increased linearity error. 


Differential Reference Inputs 
(REF+, REF-) 

The TSC825 reference, like the analog signal 
input, has true differential inputs. The same common- 
mode limits apply to both the analog and the reference 
inputs. The reference voltage (between REF+ and 
REF-) should be set equal to the desired full-scale 
voltage. As with the analog signal input, the reference 
voltage (measured from REF+ to REF-) must have a 
positive polarity. | 
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Analog Common (COM) 


This pin sets the common-mode voltage for 
battery operation or for any system where the input 
signals are floating with respect to the power supply. 
Analog common is set approximately 3.3 V more 
negative than the positive supply. 7 

Analog common can be used as the TSC825 
reference. Typical specifications are output voltage of 
3.3 V and temperature coefficient of 50 ppm/°C. An 
external reference such as a TSC04 or TSCO5 can 
also be used. The circuit is shown in Figure 5. 


Analog common is also used as the V,_return 
during auto-zero and zero-integrator cycles. If V-is at 
a different potential than analog common, a common- 


TSC825 


REF 


ANALOG COMMON 


’ FOR FULL-SCALE VOLTAGE <1.0 V, 
USE TSC04. FOR Veg 21.0 V, 
USE TSCO5 


Figure 5: Using the TSC825 With 
an External Reference 


mode voltage exists in the system and is attenuated by 


the CMRR or the converter. However, in some appli- 
cations V,, will be set at a fixed voltage (power supply - 


common, for example) that is more negative than 
analog common. In this case, analog common should 
be tied to the same point, thus removing the common- 
mode voltage from the converter. The same holds true 


for the reference voltage. If REF- can be conveniently 


referenced to analog common it should be, since this 
removes the common-mode eee from the refer- 
ence system. 

Within the IC, analog common is pulled 3. 3 V 
below Vs by an N-channel FET that can sink 5 mA. 
However, there is only 12 yA of source current, so 
analog common can easily be tied to a more negative 
voltage. Doing so overrides the internal reference 
function of analog common, however, so an external 
reference must be used. 


NEW PRODUCT INFORMATION 


Digital Section 


The TSC825 digital section includes a clock 
generator, A/D conversion counters and control logic 
and display drivers for a 101-segment LCD bar graph. 

A single resistor sets the internal oscillator 
frequency. The oscillator output is divided by 2 for the 
A/D converter clock and further divided by 64 for the 
six-cycle backplane generator. An oscillator resistor of 
160 kQ will give an oscillator frequency of about 60 kHz 
and A/D conversion rate of 7.5 conversions per sec- 
ond. (See Figure 12.) 

The TSC825 drives a triplexed LCD display. 
Three backplane and 35 segment drivers yield 103 
display segments, arranged as 0 through 100 analog 
divisions plus under-range and over-range annuncia- 
tors. All data formatting and backplane/segment 
waveform generation are accomplished on chip. 


Data Display Versus Analog Input 


The TSC825 transfer function is shown in 
Figure 6. Inputs less than 0 V will result in an under- 
range condition. The under-range and zero segments 
of the LCD display will be on. For analog inputs from. 
0 V to full-scale, the appropriate LCD segments will be 
on. 7 
The 100 segment of the LCD display is on 
when the internal A/D conversion result is > 1,000 
counts. When the analog input equals or exceeds 
1,001 counts, an over-range condition exists and the 
over-range LCD segment will then be on. 


Display Hold (HOLD) | 

The HOLD input can be used to hold or freeze. 
the conversion reading. Connecting the HOLD pin to 
digital ground (i.e., logic low) prevents the display 
latches from being updated. The display will therefore 
be frozen at the value present when Pin 64 went to.a. 
logic low. The converter will continue to operate, 
however, so that when Pin 64 is disconnected from 
DGND the next conversion will be correct. 

The HOLD pin is designed to be controlled by 
a mechanical switch. If control by external logic is 
required, an open collector or three- State gate must be 
used. 


No external LCD annunciator is provided to 
indicate that the TSC825 is in the HOLD mode. How- 
ever, the display annunciator output can be used for 
this purpose (Figure 7). | 
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TSC825 


(COM, Pin 66) provides a common-mode bias voltage. 
(See discussion of analog common.) However, meas- 
urements cannot be referenced to battery ground. To 
do so will exceed the negative common-mode voltage 
limit of V;+ 1 V. If measurements must be referenced 
to battery ground, a low voltage battery source should 
be used as described below. 


11 
10 


Low Voltage Battery Source 


A battery with voltage between 3.5 and 7 V can 
be used to power the TSC825 when used with the 
TSC7660 voltage doubler (Figure 9). With this con- 
figuration, measurements can be referenced to either 


analog common or battery ground. 


LINS3U NOISHSANOO IVNYSINI 


ort NW SON An DB O 


998 999 1000 1001 1002 UR 
' ANALOG INPUT 


“NOTE: 
ANALOG INPUT <0V = UNDERRANGE 


Figure 6: TSC825 Transfer Function 


APPLICATION INFORMATION 
Power Supplies 


The TSC825 is designed to operate from a 
single power supply, over a range of 7 V to 15 V. 
Supply current requirements are typically only 1.4 mA, 
SO operation from a single 9 V battery is possible . 
(Figure 8). For battery operation, analog common __ Figure 8: Powering the TSC825 
from a Single 9 V Battery 


The TSC825 can also operate from + 5 V 
supplies (Figure 10). Measurements are made with 
respect to power supply ground. Digital ground 
(DGND, Pin 59) must not be connected to power 
supply ground. (See "Digital Ground".) If only a single 

we +5 V supply is available, the TSC7660 can be used to 
TSC825 : . . 
provide a negative supply as in the low-voltage battery 
See ee operation (Figure 9). 
BP1 


LCD DISPLAY 


Digital Ground (DGND) 


Digital ground is generated from an internal 
zener diode (Figure 11). The voltage between Vand 
DGND is the internal supply voltage for the digital 
Figure 7: HOLD Mode Annunciator section of the TSC825. DGND will sink a minimum of 
20 mA but will only source about 500 pA. A 10 pF 
capacitor must be connected between DGND and V; 
(Pin 6) to compensate the DGND amplifier. 
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Figure 9: Powering the TSC825 from 
a Low-Voltage Battery 


Figure 10: Powering the TSC825 from 
- a+5V Power Supply 


DGND can also provide the drive voltage for 


the LCD display. Connecting DGND to V.,,,, will provide 
a total LCD drive voltage of about 5 V. 

Warning: DGND is an output, not .a power 
supply input. DGND must not be connected to the 
power supply ground in + 5 V systems. 


~NEW PRODUCT INFORMATION. 


ANALOG SECTION — 
Reference Voltage Section 


The full-scale input voltage will equal the ref- 
erence voltage. The full-scale voltage (and therefore 
the reference voltage) can range from 
+ 100 mV to +2.0 V. The reference potential. is 
measured between REF + (Pin 67) and REF- (Pin 68). 
The reference voltage common mode limit is V;+1V to 
V.- 1.3 V. Table 1 shows full-scale voltage versus V,_, 
requirements. 


Table 1: V,., vs. Full-Scale Voltage 


Full-Scale Voltage Vier 
100 mV 100 mV 
a. a ae 2V. 


Component Value Selection 
Integrating Resistor (R ,,,) 

The desired full-scale input voltage and output 
current capability of the input buffer and integrator 
amplifier set the integration resistor value. The internal 
Class A output stage amplifiers will supply a 10 WA 
drive current with minimal linearity error. R,_ is easily 


_ calculated for a 10 pA full-scale current: 


Q Full-Scale Input Voltage (V) _ _Ves 
INT = SG eee 
10x 10 


10x 10° 


where V,, = full-scale analog input. 


Integrating Capacitor (C ,,,) 


The integrating capacitor should be selected 
to achieve a 2.5 V to 4 V integrator output swing. The 
integrator output will swing to within 0.4 V of V,without 
saturating. 

The integrating capacitor is easily calculated: 


Cir = Ves 2000 

Rint Fose X Vint 
where V,,,.= integrator swing and Fce= oscillator 
frequency. 


The integrating capacitor should be selected 
for low dielectric absorption. Polypropylene dielectric 
Capacitors are recommended. Polycarbonate capaci- 
tors are also acceptable. 


Auto-Zero Capacitor 


C,, should be two to three times larger than the 
integration capacitor. A polypropylene capacitor is 
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Figure 11: Generating Analog Common 
and Digital GND 


suggested. Values from 0.15 iF to 0.47 uF are typical. 


Table 2 gives several capacitor/resistor com- 
binations for common full-scale input conditions . 


Table 2: Suggested Component Values 


2V 400 mV 100 mV 

Full-Scale — Full-Scale Full-Scale 
Component V,...~2V Vaer ~ 400 mV Var ~ 100 mV 
Ras 200kQ 40kQ 10 kQ 
Car 0.1 uF 0.1 uF 0.1 LF 
C. 0.22 uF 0.22 uF 0.33 pF 
Rosc! 150 kQ 150 kQ 150 kQ 


1. Approximately 7.5 conversions per second. 


Input Filter 


For added stability, an RC input noise filter is 
usually included in the circuit. The input filter resistor 
value is typically 100 kQ. A typical RC time constant 
value is 16 ms to help reject line-frequency noise. The 
input filter capacitor should be a low leakage type such 
as mylar or polypropylene. 


TSC825 


DIGITAL SECTION 
Oscillator Operation 

The TSC825 external oscillator frequency, 
F< is set by resistor R,.. connected between pins 7 
and 8. The oscillator frequency versus resistance 
curve is shown in Figure 12. 

F,,. is divided by 2 to provide an internal 
system clock. Each conversion requires 4,000 system 
clock cycles. The internal system clock is divided by 64 
for the six-phase backplane generator (See Figure 
13.) 


External Oscillator Operation 


The internal oscillator may be bypassed by 
driving OSC1 (Pin 7) with an external signal. OSC2 
(Pin 8) should be left unconnected. The oscillator 
should swing from DGND to V- (Figure 14). The 
external oscillator frequency can range from 8 kHz (1 
conversion/sec) to 120 kHz (15 conversions/sec). 


Display Driver 

The TSC825 drives a triplex liquid crystal 
display with three backplanes. The typical LCD display 
(Figure 17) includes 101 data segments and annun- 
ciators for under-range and over-range. Table 3 
shows the assignment of the display segments to the 
backplanes and segment drive lines. The backplane 
frequency is obtained by dividing the oscillator fre- 
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Figure 12: Oscillator Frequency Vs R ., 


" 
TSC825 


FOSC 


BACK PLANE FREQUENCY-FBP 
BACKPLANE PHASE-FBPP 


INTERNAL SYSTEM CLOCK-FSYS 


—— 


SERIAL DATA CLOCK = ESeLK > FSYS/2 


Figure 13: Internal Oscillator Operation 


quency by 768. For example, an oscillator frequency 


of 60 kHz will result ina backplane drive frequency of — 


78 Hz. 
The output waveforms of the three back- 


planes (BP1, BP2 and BP3) remain the same regard-. 


less of the segments being driven. The waveforms of 
the other output display lines (pins 16 through 54) vary 
depending on the displayed value. The display format 
is a bar graph, however, so adjacent segments are 
either on or off. Therefore, the segment waveforms 
are not as complicated as backplane signals in 
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- 


TSC825 


(B) Dual Supply 


Figure 14: External Oscillator Connection 


numeric or alpha-numeric displays. Figure 15 shows 
the three TSC825 backplane outputs with the 0, 1, 2 
segment driver (Pin 16) when bars 0 and 1 are on and 
bar 2 is off (V.,= 1.0 V, V,, = 10 mV). 


Annunciator | 

The LCD annunciator output is a square wave 
running at the backplane frequency (e.g., 78 Hz when 
F... = 60 KHz). The peak-to-peak amplitude is equal 
to V,"- V,,... Connecting an annunciator of the LCD 
display to Pin 11 turns it on; connecting it to its 
backplane turns it off. | 


Figure 15: LCD Backplanes and 
0, 1, 2 Segment Waveforms 
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Table 3: Segment Driver Vs Backplane Assignment 
——_—_———_————————__ LCD Display Drive Voltage (V ,,.,.) 


PinNo. SBP? =~ SC BP2) CBP The peak-to-peak LCD drive voltage equals 
16 CO (VF Vi). ~For most applications, V,, can be con- 
17 5 4 3 nected directly to DGND (Pin 59). This connection will 
18 6 7 8 provide a typical LCD drive voltage of 5 V.,.. 
19 11 10 9 | ; 
Temperature Compensation 

Ca a ae NO ce Nees, | For applications with a wide temperature 
21 17 16 15 range, some LCD displays require that the drive levels 
20 18, 19 00 vary with temperature to maintain good viewing angle 

, and display contrast. Figure 16 shows two circuits that 
23 23 22 21 ? , 

can be adjusted to give a temperature compensation 

24.00 OAC STC‘ ROCC*;*COgf about 10 mV/°C between V‘ (Pin 6) and V,,,. The 
25 29 28 27 diode between DGND and V.,.. should have a low turn- 
28 30 31 30 on voltage because V.,.. must not exceed 0.3 V below 
29 35 84 33 oe 
31. C4 KC CCQ Most end products will use a custom LCD 
32 42 43 44 display for final production. In high volume, low-cost 
33 47 46 45 custom LCD displays are available from several 
om MANUfacturers. The TSC825 interfaces to multi- 
a a ON plexed LCD displays with three (triplexed) backplane 
35 53 __ 52 51 drivers. 
36 54 55 56 To speed evaluation and prototype develop- 
37 59 58 57 ment, a standard display, originally designed for the 
38. #2460 #6 #46 - 3 60 61 62 TSC827, is available from: 
39 65 64 63 UCE Inc. 
40 66 67 68 24 Fitch Street 
41 71 70 69 bales sees 
42 72 73 74 
45 OB The part number for this display is 5000- 
46  -78 79 80 1X101. Figure 17 shows the display layout. 
47 83 82 81 
Gn OW i 1D OG 
49 89 88 87 
50 90 91 92 
51 95 94 93 
52 96 97 98 
53 UR 100 99 
54 OR ‘ ‘ 
*Undefined 
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BP 2 
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an 
Y TSC825 


ANNUNCIATOR 


WOON MNO @wWN = 


OvR. 


99,100,UR 
96,97,98 
93,94,95 
90,91,92 


87,88,89 
84,85,86 
81,82,83 
78,79,80 
75,76,77 
72,73,74 


69,70,71 
66,67,68 
63,64,65 
60,61,62 
57,58,59 
54,55,56 


51,52,53 
48,49,50 
45,46,47 
42,43,44 
39,40,41 
36,37,38 


33,.34,35 
30,31,32 
27 ,28,29 
24,25,26 
21,22,23 
18,19,20 
15,16,17 


0,1,2 
ANNUNCIATOR 
, BP 3 
BP 2 


BP 1 54 


Figure 16: Temperature Compensating Circuits Figure 17: TSC825 Typical LCD Bar Graph Display 
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The Analog Signal Processing Company™ 


TSC826 


A/D CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 


FEATURES 


Bipolar A/D Conversion 

2.5% Resolution 

Direct LCD Display Drive 

“Thermometer” Bar or Dot Display 

40 Data Segments Plus Zero 

Overrange Plus Polarity Indication 

Precision On-Chip Reference ....... 35 ppm/°C 
Differential Analog Input 

Low Input Leakage .................... 10 pA 
Display Flashes on Overrange 

Display Hold Mode 

Auto-Zero Cycle Eliminates Zero Adjust Potentio- 
meter 

9 V Battery Operation 

Low Power Consumption ....... Sap eteute 11 mW 
20 mV to 2.0 V Full-Scale Operation 
Non-Multiplexed LCD Drive for Maximum Viewing 
Angle 


28] BAR/DOT 


We TSC826 ROSC 


430 k22 


REF ANALOG 
IN COMMON _—IN — +IN 


BACKPLANE 


; 41 SEGMENT 
2V 200 mV 20 mV LCD BAR GRAPH 
COMPONENT | FULL-SCALE | FULL-SCALE | FULL-SCALE 


200 kQ 


_ OR 
uf 1 uf : 


0.068 uf 0.068 pf 
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GENERAL DESCRIPTION Ordering Information 


In many applications a graphical display is. — *te-= tn te Temperature 
preferred over a digital display.Knowinghowaprocess — part No. Package _ Range 
or system operates, for example, within design limits is a orate. 
more valuable than a direct system variable readout. A TSC826CBQ Quad Flat Package 0°C to 70°C 
bar or moving dot display supplies information precisely Formed Leads 
without requiring further interpretation by the viewer. 60-Pin Plastic 

The TSC826 is a complete analog-to-digital . TSC826CSQ Quad Flat Package 0°C to 70°C 
converter with direct liquid crystal (LCD) display drive. — Straight Leads 
The 40 LCD data segments plus zero driver givea25% § Tsocgogy.~SO”*~C*“<SHIP Pt TOPS 


resolution bar display. Full-scale differential input volt- 
age range extends from 20 mV to 2 V. The TSC826 — . 
sensitivity is 500 uV. A low drift 35 ppm/°C internal Pin Configuration 
reference, LCD backplane oscillator and driver, input —-- 
polarity LCD driver, and overrange LCD driver make 
designs simple and low cost. The CMOS design. 
requires only 125 vA from a9 V battery. In+5 V systems | 
a TSC/660 DC to DC converter can supply the -5V 
supply. The differential analog input leakage is alow 10 
pA. 

Two display formats are possible. The BAR 
mode display is like a “thermometer” scale. The LCD | 
segment driver that equals the input plus all below it are 
on. The DOT mode activates only the segment equal to 4 
the input. In either mode the polarity signal is active for TSC826 
negative input signals. An overrange input signal pega 
causes the display to flash and activates the overrange 
annunciator. A hold mode can be selected that freezes 
the display and prevents updating. : 

The dual slope integrating conversion method 
with auto-zero phase maximizes noise immunity and 
eliminates zero-scale adjustment potentiometers. Zero- 
scale drift is alow 5 uW/° C. Conversion rate is typically 5 
per second and is adjustable by a single external 
resistor. 

Acompact, 0.5” square, flat package minimizes 
PC board area. The high pin count LS! package makes 
multiplexed LCD displays unnecessary. Low cost, 
direct drive LCD displays offer the widest viewing angle 
and are readily available. A standard display is available 
now for TSC826 prototyping work. 


7-134 


PRODUCT INFORMATION 


TSC826 


Absolute Maximum Ratings 


Supply Voltage (v" HOW Get ete Sande ee ees 15 V Operating Temperature 

Analog Input Voltage (either input) ........... V" to VO CC” D@VICES) «ec 4coakee ced iek dee 0°C to +70°C 

Package Power Dissipation Storage Temperature ...............4. -65°C to +160°C 
Plat Package (B.S) accuse seeressuadek pe kts 500 mW Lead Temperature (Soldering, 60 sec) ............ 300° C 


Electrical Characteristics: vs =9v, ROSC = 430 k0, TA = 25°C, Full-Scale = 20 mV unless otherwise stated. 


TEST TSC826 
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
1 — Zero Input Reading VIN = 0.0 V -0 +0 0 Display 
_ : VIN = 0.0 V = ° 
2 Zero Reading Drift 0°C <Ta<70°C 0.2 1 uV/°C 
Max Deviation From 
3 NL Linearity Error Best Straight Line -1 0.5 +1 Count 
a Rollover Error -ViIn = +VIN | -1 0 +1 Count 
EN Noise VIN=OV | — 60 _ uVp-p 
Input Leakage = = 
6 ILK Cirront VIN=OV 10 20 pA 
Common-Mode VCM = +1V _ 
f eMne Rejection Ratio VIN=OV =e BMI 
0< Tas 70°C 
8 — Sst Costticent External Ref. Temperature _ 1 — ppm/°C 
4 Coefficient = 0 ppm/°C 
250 kQ. Between 
9 vcTc Pee cies: Common adv = 35 100 ppm/°c 
P 0°C <Ta< 70°C 
Analog Common 250 kQ. Between 
wv Voltage Common and Vg a oe oo - 
LCD Segment 
11 VSD Brive Voltage 4 5 6 Vp-p 
LCD Backplane 
_ wee Drive Voltage 2 6 VEEP 
13 | Power Supply Current — 125 175 yA 
Notes: 


1. Input voltages may exceed the supply voltages when the input current is 
limited to 100 pA. 

2. Static sensitive device. Unused devices should be stored in conductive 
material to protect devices from static discharge and static fields. 

3. Backplane drive is in phase with segment drive for “off” segment and 180°C 
out of phase for “on” segment. Frequency is 10 times conversion 
rate. 

4. Logic input pins 58, 59, 60 should be connected through 1 MQ series 
resistors to Vs for logic 0. 


7-135 


TSC826 


Pin Description and Function 


PIN NO. 


NAME 
Analog 


_ A/D CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 


- DESCRIPTION. 


Establishes the internal analog ground point. Analog common is set to 2,9 V below the positive supply 


1 


O; CMO EN! OD) Oy; Bi GC] DM 


ek fe ke 
Wi Ms! +] oO 


Common 


+I1N 
-In 


REF IN © 


Crer + 
CREF - 
Vs 
VBUF | 
CAZ 
VINT 
Vs 
OSC1 
OSC2 
BP 


BAR 0 


mirmlrm}wo}aloa|alo 
wim! =| oO] oO] a; nN} oOo 


ser ee Ca ee ee Cn ee 
on} BRI wisi pol] 1} OO} OO} OI IN| ®D| ©! &} @| NM] — 


by an internal zener reference circuit. The voltage difference between Vs and analog-common can be 


_used to supply the TSC826 voltage reference input at REF IN (Pin 4). 


Positive analog signal input. 
Negative analog signal input. 


_ Reference voltage positive input. Measured relative to analog-common. REF IN = Full-Scale/2. 


Reference capacitor connection. 

Reference capacitor connection. 

Positive supply terminal. . 

Buffer output. Integration resistor connection. 
Negative comparator input. Auto-zero capacitor connection. — 
Integrator output. Integration capacitor connection. 
Negative supply terminal. 

Oscillator resistor (Rosc) connection. 

Oscillator resistor (Rosc) connection. 

LCD Backplane driver. 

LCD Segment driver: Bar 0 


OO; OI ND) oy &] Ww) mM! — 


wh 
© 


11 
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Pin Description and Function (Cont.) 
PINNO. NAME DESCRIPTION 


39 BAR 24 BAR Segment driver: Bar 24 

40 25 25 

41 26 26 

42 27 27 

43 28 28 

44 - 2g 29 

45 | 30 30 

46 31 31 

47 32 32 

48 33 33 

49 34 34 

50 35 35 

51 36 36 

52 37 37 

53 38 | 38 

54 ' 39 39 

55 40. 40 

56 OR LCD segment driver that indicates input out-of-range condition. 

57 POL- LCD segment driver that indicates input signal is negative. 

58 BAR/DOT Input logic signal that selects bar or dot display format. Normally in bar mode. Connect to Vs through 
1MQ resistor for Dot format. 

59 HOLD Input logic signal that prevents display from changing. Pulled high internally to inactive state. 
Connect to Vs through 1MQ series resistor for HOLD mode operation. 

60 TEST Input logic signal. Sets TSC805 to BAR display mode. Bar 0 to 40, plus OR flash on and off. The POL- 
LCD driver is on. Pulled high internally to inactive state. Connect to Vs with 1 MOQ series resistor to 
activate. 
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Dual Slope Conversion Principles 


The TSC826 is a dual slope, integrating analog-to-digital 
converter. The conventional dual slope converter measure- 
ment cycle has two distinct phases: 


® input Signal Integration 
® Reference Voltage Integration (Deintegration) 


~The input signal being converted is integrated for a fixed time 
period (Ts). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then inte- 


grated until the integrator output voltage returns to zero. The | 


reference integration time is directly proportional to the input 
signal (Tri). (Figure 2). 

In a simple dual slope converter a complete conversion re- 
quires the integrator output to “ramp-up” and “ramp-down.” 


A simple mathematical equation relates the input signal 
reference voltage and integration time: 


ue VaT 
1 R TRI 
a Vin (t)dt =—-——— 
aC f IN (t) RC 


where: 


VR = Reference Voltage 
Vs = Signal Integration Time (Fixed) 
Tri = Reference Voltage Integration Time (Variable) 


TRI 


For a constant VIN: 
TsI 


Vin = VR 


ANALOG 
INPUT O———-0 
SIGNAL 


CONTROL 


S 1/2 VeyLL-SCALE 
Vin = 1/4 VeuLL-scaLe 


K 
P) 
a 
| ed 
> 
oO 
a 
e) 
- 
< 
[og 
o 
Ld 
- 
r= 


VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 


Figure 2: Basic Dual Slope Converter 


A/D CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 


The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent bene- 


fit is noise immunity. Noise spikes are integrated or averaged 


to zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes- 
sive approximation. converters in high noise environments. 
Interfereing signals with frequency components at multiples 
of the averaging period will be attenuated. (Figure 3). 


The TSC826 converter improves the conventional dual slope 
conversion technique by incorporating an auto-zero phase. 
This phase eliminates zero-scale offset errors and drift. A 
potentiometer is not required to obtain a zero output for 
zero oUt 


’ - NORMAL MODE REJECTION (dB) 


0.1/T . WT EE | Yai 
INPUT FREQUENCY a 


Figure 3: Normal-Mode Rejection of Dual eros 
; Converter ; 
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Figure 4: TSC826 Analog Section 
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Theory of Operation 
Analog Section 


In addition to the basic signal integrate and deintegrate 
cycles discussed above the TSC826 incorporates an auto- 
zero cycle. This cycle removes buffer amplifier, integrator, 
and comparator offset voltage error terms from the conver- 
sion. A true digital zero reading results without external 
adjusting potentiometers. A complete conversion consists of 
three cycles: an auto-zero, signal integrate and reference 
integrate cycle. See Figure 4 and 5. 


Auto-Zero Cycle 


During the auto-zero cycle the differential input signal is dis- 
connected from the circuit by opening internal analog gates. 
The internal nodes are shorted to analog common (internal 
analog ground) to establish a zero input condition. Addi- 
tional analog gates close a feedback loop around the integra- 
tor and comparator. This loop permits comparator offset 
_ voltage error compensation. The voltage level established on 
_CAZ compensates for device offset voltages. 


. The auto-zero cycle length is 19 counts minimum. Unused 
time in the deintegrate cycle is added to the auto-zero cycle. 


Signal Integration Cycle 


The auto-zero loop is opened and the internal differential 
inputs connect to +IN and -IN. The differential input signal is 
integrated fora fixed time period. The TSC826 signal integra- 


' AUTO-ZERO ~ 
PHASE (AZ) 


«INTEGRATE 
A 
PHASE Ist) 


A/D CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 


tion period is 20 clock periods or counts. The externally set 
clock frequency is devided by 32 before clocking the internal 
counters. The integration time period is: 


Ts = 22 x29 


Where: _Fosc 
Fosc = External Clock Frequency 


The differential input voltage must be within the device 
common-mode range when the converter and measured sys- 
tem share the same power supply common (ground). If the 
converter and measured system do not share the same power 
supply common, -IN should be tied to analog-common. This 
is the usual connection for battery operated systems. Polarity 
is determined at the end of signal integrate signal phase. The 
sign bit is a true polarity indication in that signals less than 
1 LSB are correctly determined. This allows precision null 
detection limited only by device noise and system noise. 


Reference Integrate Cycle 


The final phase is reference integrate or deintegrate. -IN is 
internally connected to analog common and +IN is con- 
nected with the correct polarity to cause the integrator out- 
put to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is be- 
tween 0 and 40 counts. The digital reading displayed is: 
20 VIN_ 
VREF 


Ee oe 
$< _— 
(DEINTEGRATE) 


SIGN BIT 
DETERMINED ~ 


INTEGRATOR 
OUTPUT 


ANALOG 
COMMON 
POTENTIAL 


INTERNAL SYSTEM 
CLOCK (FSYS) 


INTERNAL DATA 
LATCH UPDATE 
SIGNAL 


19COUNTS —m,» 
MINIMUM 


20 COUNTS 


TRUE ZERO 
CROSSING 


ZERO CROSSING 
DETECTED 


To Vin 
NUMBER OF 
COUNTS —> 
PROPORTIONAL 
TO Vin 41 COUNTS 
MAXIMUM 


<< ONE CONVERSION CYCLE = 80 COUNTS. (Toony = 80 X=) 


Figure 5: TSC826 Conversion Has Three Phases 


FSYS 
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System Timing 


The oscillator frequency is divided by 32 prior to clocking the 
internal counters. The three phase measurement cycle takes 
a total of 80 clock pulses. The 80 count eevee is independent 
of input signal magnitude. 


Each phase of the measurement cycle has the following 
length: 


® Auto-Zero Phase: 19 to 59 Counts 
For signals less than full-scale the auto-zero phase is 
assigned the unused reference integrate time period. 


® Signal Integrate: 20 Counts 
This time period is fixed. The integration period is: 


Ts; = 20 32 
Fosc 


Where Fosc is the externally set clock frequency. 
® Reference Integrate: 0 to 41 Counts 


Reference Voltage Selection 


A full-scale reading requires the input signal be twice the 
reference voltage. The reference potential is measured 
between REF IN (Pin 4) and Analog-Common (Pin 1).- 


Required Full-Scale Voltage VREF 
20 mV 10 mV 
2V . 1V 


The internal voltage reference potential available at analog- 
common will normally be used to supply the converters 
reference. This potential is stable whenever the supply po- 
tential is greater than approximately 7 V. In applications 
where an externally generated reference voltage is desired 
refer to Figure 6. 


The reference voltage is adjusted with a near full-scale input 
signal. Adjust for proper LCD display readout. 


vt 


man 


TSC826 a] 


REF IN TSC9491CJ 


1.2V 
REFERENCE 


Figure 6: External Reference 
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Component Value Selection 
Integrating Resistor (RINT) 


The desired full-scale input voltage and output Current capa- 
bility of the input buffer and integrator amplifier set the inte- 
gration resistor value. The internal class A output stage am- 
plifiers will supply a 1 wA drive current with minimal linearity 
error. RINT is easily calculated fora 1 wA full-scale current: 


Full-Scale Input Voltage (V) _ VFS 


RINT = ~ pes 
1X10 1x 1076 


Where: VFS = Full-Scale Analog Input 


Integrating Capacitor (cin7) 


The integrating capacitor should be selected to maximize 
integrator output swing. The integrator output will swing to 
within 0.4 V of VS or Vs without saturating. 


The integrating capacitor is easily calculated: 


VFS 640 

RINT FOSC X VINT 

Where: VINT = Integrator Swing 
FOSC = Oscillator Frequency 


CINT = 


The integrating capacitor should be selected for low dielec- 
tric absorption to prevent roll-over errors. Polypropylene 


capacitors are suggested. 


Auto-Zero Capacitor (caz) | 


CAZ should be 2-3 times larger than the integration capacitor. 
A polypropylene capacitor is suggested. Typical values from 
0.14 uf to 0.068 uf are satisfactory. 


Reference Capacitor (cREF) 


A 1.0 uf Capacitor is suggested. Low leakage capacitors such 
as polypropylene are recommended. 


Several capacitor/resistor combinations for common full- 


scale input conditions are given in Table 1. 


Table 1: Suggested Component Values 


2V 200 mV 20 mV 

Full-Scale Full-Scale Full-Scale 

Component Vrer ~ 1V Veer ~ 100 mV Vrer = 10 mV 
Rint 2 MO 200 kN 20 kD 
CINT 0.033 yf 0.033 uf 0.033 yf 
CREF 1 uf 1 uf 1 pf 
Caz 0.068 pf 0.068 yf 0.14 yf 
Rosc 430 ko 430 kN 430 ko 


1. Approximately 5 conversions/sec. 


TSC826 


Differential Signal Inputs (+iN (Pin 2), -IN (Pin 3)) 


The TSC826 is designed with true differential inputs and 
accepts input signals within the input stage common-mode 
voltage range (Vcm). The typical range is v" -1.0toV +1V. 
Common-mode voltages are removed from the system when 
the TSC826 operates from a battery or floating power source 
(Isolated form measured system) and -IN is connected to 
analog-common (Vcom). 


In systems where common-mode voltages exist the TSC826 
72 dB common-mode rejection ratio minimizes error. 
Common-mode voltages do, however, affect the integrator 
output level. Integrator output saturation must be prevented. 
A worse Case condition exists if a large positive Vcm exists in 
conjunction with a full-scale negative differential signal. The 
negative signal drives the integrator output positive along 
with Vom. For such applications, the integrator output swing 
can be reduced below the recommended 2.0 V full-scale 
swing. The integrator output will swing within 0.3 V of Vg or 
Vs without increased linearity error. 


Digital Section 


The TSC826 contains all the segment drivers necessary to 
drive a liquid crystal display (LCD). An LCD backplane driver 
is included. The backplane frequency is the external clock 
frequency divided by 256. A 430 kf. osc gets the backplane 
frequency to approximately 55 Hz with a 5 V nominal ampli- 
tude. When a segment driver is in phase with the backplane 
signal the segment is “OFF.” An out-of-phase segment drive 
signal causes the segment to be “ON” or visible. This AC 
drive configuration results in negligible DC voltage across 
each LCD segment. This insures long LCD display life. The 
polarity segment driver, -POL, is “ON” for negative analog 
inputs. If +IN and -IN are reversed this indicator would re- 
verse. The TSC826 transfer function is shown in Figure 7. 


OVERRANGE 
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( 40 ) 


Figure 7: TSC826 Transfer Function 


A/D CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 


BAR/DOT Input (Pin 58) 


The BAR/DOT input allows the user to select the scsi ‘ot: 
mat. The TSC826 powers. up in the BAR mode. Select the 
DOT display format by connecting BAR/DOT to the meee 
supply 0 11) through a 1 MQ resistor. 


HOLD Input ( (Pin 59) 


The TSC826 data output latches are not updated at the end of 
each conversion if HOLD is tied to the negative supply (Pin 11) 
through a 1 MQ series resistor. The LCD display continuously 
displays the previous conversion result. 


The HOLD pin is normally pulled high by an internal pull-up. 


TEST Input (Pin 60) 


The TSC826 enters a test mode with the TEST input con- 
nected to the negative supply (Pin 11). The connection must 
be made through a 1 MO resistor. The TEST input is normally 
internally pulled high. A low input sets the output data latch © 
to all ones. The BAR display mode is set. The 41 LCD output 
segments (zero plus 40 data segments) and overrange annun- 
ciator flash on and off at 1/4 the conversion rate. The polarity 
annunciator (POL-) segment will be on but not flashing. 


Overrange Display Operation (or, Pin 56) 
An out-of-range input signal will be indicated on the LCD 


display by the OR annunciator driver (Pin 56) PecOrnig 
active. 


in the BAR display formate the 41 bar segments and the over- 
range annunciator, OR, will flash ON and OFF. The flash rate 
is one fourth the conversion rate (FOSC/2560). 


In the DOT display mode, OR flashes and all other data seg- 
ment drivers are off. | 


Polarity Indication (PoL-, Pin 57) 


The TSC826 converts and displays data for positive and 
negative input signals. The POL- LCD segment driver (Pin 
57) is active for negative signals. 


Oscillator Operation 


‘The TSC826 external oscillator frequency, FOSC, is set 5 


resistor ROSC connected between pins 12 and 13. The oscil- 
lator frequency vs resistance curve is shown in Figure 8. 
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FOSC (kHz) 


MWe 150826 eee 
Ta = 25°C 
9V 
{ 


vg toVg = 


10 12 14 16 18 20 
ROSC (X 100 k82) 


Figure 8: Oscillator Frequency vs. ROSC 


FOSC is divided by 32 to provide an internal system clock, 
FSYS. Each conversion requires 80 internal clock cycles. 
The internal system clock is divided by 8 to provide the LCD 
backplane drive frequency. The display flash rate during an 
input Out-of-range signal is set by dividing FSYS by 320. 
(See Figure 9) 


—? 
DISPLAY FLASH FREQUENCY gr TSC826 


BACKPLANE FRE QUENCY-FBP 


INTERNAL SYSTEM CLOCK-FSYS 


O e O O 
7 _! 
OSC2 | 13 OcS1 |12 


CONVERSION RATE = FOSC/2560 ROSC 
DISPLAY FLASH RATE = FOSC/10,240 


—— 


INTERNAL SYSTEM CLOCK = FSYS = FOSC/32 
LCD BACKPLANE FREQUENCY = FBP = FSYS/8 


Figure 9: Internal Oscillator Operation 


The internal oscillator may be bypassed by driving OSCI (Pin 
12) with an external signal generator. OSC2 (Pin 13) should 
be left unconnected. 
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The oscillator should swing from V§ to Vs in single supply 
operation (Figure 10A). In dual supply operation the signal 
should swing from power supply ground to V8. 


A. Single 9V Supply 


11 1 


2 13 


POWER 
SUPPLY 


Figure 10: External Oscillator Connection 


LCD Display Format 


The input signal can be displayed in two formats (Figure 11). 
The BAR/DOT input (Pin 58) selects the format. The TSC826 
measurement cycle operates identically for either mode. 


BAR Format 


The TSC826 power-ups in the BAR mode. BAR/DOT is pulled 
high internally. This display format is similar to a thermome- 
ter display. All bars/LCD segments, including zero, below the 
bar/LCD segment equalingd the input signal level are on. A 
half-scale input signal, forexample, would be displayed with 
BAR 0 to BAR 20 on. 


DOT Format 


By connecting BAR/DOT to Vs through a 1 MO resistor the 
DOT mode is selected. Only the BAR LCD segment equal- 
ling the input signal is on. The zero segment is on for zero 
input. . 


This mode is useful for moving cursor or ‘“needie” appli- 
cations. 


— A/D CONVERTER WITH 
BAR GRAPH DISPLAY OUTPUT 


TSC826 


A. BAR MODE 

1. INPUT =0 2. INPUT = 5% of FULL-SCALE 
BAR 4 [__—] OFF C——) OFF 

BAR 3 (C7) OFF C1: ‘OFF 

BAR 2 ((——) OFF ON 

BAR 1 (7) OFF ON 

BARO @ZZZa ON (ZZZZ7] ON 

B. DOT MODE , | 
1. INPUT = 0 2. INPUT = 5% of FULL-SCALE 


BAR 4 [C7 OFF 
BAR 3 (——] OFF 
BAR 2 C—) OFF 
BAR 1 (7) OFF 
BAR 0 ON 


OFF 


UNL 


Figure 11: Display Option Formats | 


LCD Displays . 


Most end products will use a custom LCD display for final 
production. Custom LCD displays are low cost and available 
from all manufacturers. The TSC826 interfaces to non-multi- 
plexed LCD displays. A backplane driver is included on chip. 


To speed initial evaluation and prototype work a standard 
TSC826 LCD display is available from Varitronix. 


Varitronix Ltd. 
9/F Linen House, 61-63, King Yip Street 
Kwun Tjong, Hong Kong 

Tel: 3-410286 

TELEX: 36643 VTRAX HX 


USA Office: . 
VL Electronics Inc. 
3161 Los Feliz Blvd. 
Suite 303 

Los Angeles, CA 90039 
Tel: (213) 661-8883 
TELEX: 821554 


@ Part No.: VBG412-1 (Pin Connectors) 
@ Part No.: VBG412-2 (Elastomer Connectors) 


Other standard LCD displays suitable for development work 
are available in both linear and circular formats. One manu- 
facturer is: 


UCE Inc. 

24 Fitch Street 
Norwalk, Conn. 06855 
(203) 838-7509 


® Part No. 5040: 50 segment circular display with 


| 3 digit numeric scale. 
@ Part No. 5020: 50 segment linear display. 


LCD Backplane Driver (Pin 14) | 


Additional drive electronics is not required to interface the 
TSC826 to an LCD display. The TSC826 has an on-chip back- 
plane generator and driver. The backplane frequency is: 


FBP = FOSC/256 


Figure 12 gives typical backplane driver rise/fall time vs back- 
plane capacitance. 


- TSC826 


a. Ty = 25°C 


Vg =9V 


RISE/FALL TIME (X 100 ns) 


BACKPLANE CAPACITANCE (X 100 pf) 
Figure 12: Backplane Driver Rise/Fall Time vs 
Capacitance 7 


Flat Package Socket 


Sockets suitable for prototype work are available. 
A USA source is: 

Nepenthe Distribution 

2471 East Bayshore — 

Suite 520 

Palo Alto, California 94303 

(415) 856-9332 


_ TWX: 910-373-2060 
(a) “BQ” Socket Part No.: 1C51-064-042 BQ 


(bo) “SQ” Socket Part No.: 1C51-064-042 SQ 
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1% ADC WITH LCD BAR-GRAPH DRIVE 


e ~ 


FEATURES 


m@ 1% LCD Bar-Graph Readout 

— Triplex LCD Display 

— 101 Data Segments | 

— Overrange and Underrange Annunciators 

— Two Set Point Annunciators . 

Two Selectable Set Points 

Low and High Set Point and Overrange Logic 
Output Signals 

Differential Analog Input 

Differential Reference for Ratiometric Measurements 
100 mV to 2.0 V Full-Scale 

10-Bit Serial Data Output 

9 Volt Battery or +5 V Supply Operation 

15 mW Power Dissipation 

68-Lead PLCC Package Permits Either Surface 
Mounting or Socket Mounting 


SET POINT INPUTS/ALARMS 


ANALOG COMMON/ TSC827 DIGITAL 
VREF OUTPUT 1% ADC WITH SETPOINTS GND 


AND LCD DISPLAY DRIVE = SERIAL ) 10-817 


O DATA 
OUTPUT RESOLUTION 


DIFFERENTIAL © SE 


RIAL 
REFERENCE CLOCK OUTPUT 


INPUT 
O LCD 
BIAS ADJUST 


TRIPLEX 
LCD DRIVE r. we 
HIGH SET POINT 
foxeye) LOW SET POINT 
o 1 2 


OVERRANGE TRIPLEX LCD BAR-GRAPH DISPLAY 


99 100 1% (100 DATA PLUS ZERO) RESOLUTION 
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GENERAL DESCRIPTION 


For rapid recognition a graphical display is 
preferred over a digital display. For example, knowing 
that a process or system operates within design limits is 


more valuable than a direct system variable readout. A — 


bar-graph display supplies information precisely 
without requiring further interpretation by the viewer. 

The TSC827 is a complete integrating analog- 
to-digital converter with triplex liquid crystal (LCD) 
display drive. A 101 element LCD bar-graph directly 
connects to the TSC827, and provides 1% resolution. 
LCD annunciators are also included to flag ees 
and overrange analog inputs. 

‘In addition to the analog input display, two user 
selected set points can be programmed and displayed. 
Set point annunciators are activated when a set point 
has been reached. Set point and overrange logic 
outputs are also provided for control applications. 

Although the LCD bar-graph display is 101 
segments, the TSC827 A/D converter operates ‘with 
0.1% resolution. A serial output with clock allows data 
to be transmitted at 01% resolution to a remote 
computer or display. 


Operating from asingle 9 V battery orfrom +5\ Vv 
supplies, the CMOS TSC827 dissipates only 15 mW.. 


The differential inputs accept positive polarity input 
signals from 100 mV to 2.0 V full-scale. A 50 ppm/° C 
low drift voltage reference is also included on-chip. The 
dual-slope integrating conversion method with auto- 
zero and zero-integrator phases maximizes noise 
immunity and ensures een recovery from input over- 
ranges. 

The TSC827 is available in a compact 60-pin 
flat package or a 68-lead Plastic Leaded Chip Carrier 


(PLCC). For a 2.5% resolution A/D converter with bar- | 


graph output see the TSC826 data sheet. 


Ordering Information 


Lead Temperature 
Part No. Package Configuration Range 
TSC827CBQ _ 60-Pin Flat. ~ Bent 0°C to 70°C 
TSC827CSQ_ 60-Pin Flat Straight 0°C to 70°C 
TSC827CLS_ 68-Lead PLCC — 0°C to 70°C 


TSC827Y DICE ae 0°C to 70°C 


Pin Configuration 


SEGMENT DRIVERS FOR LCD DISPLAY 


68-LEAD PLASTIC 
LEADED CHIP CARRIER (PLCC) 


oO , ‘ 
. For 60-Pin Fiat Package, see Figure 32. 
. For Segment Driver Assignments, See Table 5. 
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Absolute Maximum Ratings 


TSC827 


Notes: 
1. Input voltages may exceed the supply voltages provided that input current is 


Supply Voltage (Vg to Vg) «0... cece cece eee eee ee eee 15V limited to +100 vA. Currents above this value may result in invalid display 
Reference Voltage (REF+ or REF-) (Note TD) 3 ewes Vg to Vs readings but will not destroy the device if limited to £1 mA. 
Input Voltage (+1N or -IN) (Note 1) Son San Vs to Vs 2. Dissipation ratings assume device is mounted with all leads soldered to 
V i Vi to DGND -0.3 V printed circuit board. 
TS i S -U. 

Digital Input (Pins 55 -64) Vg to DGND 3. Pin numbers are for 68-Lead PLCC package. 
Integrator Input (Pin A) oacieeersh eles eae re eee Vg to Vs Stresses above those listed under Absolute Maximum Ratings may cause per- 
Power Dissipation Plastic Package (Note 2) ....... 800 mW manent damage to the device. These are stress ratings only and functional 
O ti T t R 0°C to 70°C operation of the device at these or any other conditions above those indicated in 

perating Temperature Mange ..........-+.> . Pa the operational sections of the specifications is not implied. Exposure to Abso- 
Storage Temperature Range ............ -65°C to +150°C lute Maximum Rating Conditions for extended. periods may effect device 
Lead Soldering Temperature (10 Sec.) ............. 300 °C reliability. 


Electrical Characteristics: Vv. = +5 V, Rosc = 160 k, Ta = 25°C, Full-Scale = 100 mV unless otherwise specified 


TSC827 
NO. SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. MAX. UNITS 
£ Under- ; 
1 — Zero Input Reading Vin = 0.0 V range ) 0 Display 
2 — Zero Reading Drift Vin = 0.0 V oo 0.2. 1 uUV/IeS 
0°C STa [70°C 
3 NL Linearity Error Max. Deviation | -1 0.5 +4 Count 
From Best Straight Line 
4 EN Noise VIN =0V = 25 a LU Vp_p 
5 lik Input Leakage Current Vin =O0V _ 10 50 pA 
Common Mode Vom =+1V 
° CNIS Rejection Ratio Vin =0V = be “ ad 
O°C ST, S70°C 
Scale Factor A 
7 —_ a External Ref. Temp. — 1 — ppm/°C 
Temperature Coefficient Coefficient = 0 ppm/°C 
8 Vcommon Analog Common Voltage Vg to Pin 66 3.1 3.3 3.5 V 
Analog Common . 6 a 
9 Votc Temp. Coefficient 0°C ST, =70°C — 50 — ppm/°C 
10 — Conversion Rate — — 7.5 — conv./sec. 
11 Ves Full-Scale Input Range — ; +0.1 — +20 V 
Common Mode : Vg-1.0 \+ 
12 Vom Input Range — Vs + 1.0 Vg +0.6 Vg -1.3 V 
13 Vsp LCD Segment Drive Voltage — 4 5 6 V 
14 Vep LCD Backplane Drive Voltage — 4 5 6 V 
15 Is Supply Current Vg =1t5V — 1.4 2.0 mA 
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Pin Description and Function: 


1% ADC WITH LCD BAR-GRAPH DRIVE 


PINNO. — PINNO. 
68-Lead PLCC 60-Pin FLAT NAME DESCRIPTION 

Package... Package mete es 
1 53 -IN Negative analog signal input. 
2 54 +IN Positive analog signal input. | 
3 55 BUFF — Buffer Output. Connect to integration resistor. 
4 56 INT IN Negative integrator input. Connect to auto-zero capacitor. 
5 57 INT OUT Integrator output. Connect to integration capacitor. 
6 58 Vs Positive supply voltage. Typically +9V battery or +5 V supply. 
7 59 OSC, Oscillator resistor (Rogc) connection. 
8 60 OSCz Oscillator resistor (Rogc) connection. | | . 

41 1 Man RACIALOE Annunciator driver. Output is a square wave at the backplane frequency. Any — 
LCD segment attached to annunciator will be turned ON. 

12 poe Voisp Sets LCD display voltage drive level. Normally connected to DIGITAL GND (DGND). 

13 3 BP1 Backplane 1 of LCD display 

14 4 BP2 Backplane 2 of LCD display 

15 5. BP3 Backplane 3 of LCD display 

& : : Segment drivers for bars 0 through 98 of LCD display. For eeoarnent/ backplane 
16-52 6-38 0-98 assignments, see Table 5. 
53 39 UR, 100,99 Segment drivers for underrange, 100, 99 
54 40 OR, LL, HL Segment drivers for overrange, low limit, high limit. 

55 . 41 IN/OUT input. Controls functions of pins 56, 57 and 58. When low, permits set point data 
to be entered and displayed. When HIGH, the low set point, high set point, and 
overrange alarm outputs are enabled. 

56 42 ISPL/SPL __ Bidirectional pin. When an input, enables inputting of low set point limit. When an 

output, goes LOW when the analog input is equal to or greater than the LOW set 
point limit. 

57 43 ISPH/SPH __ Bidirectional pin. When an input, enables inputting of high set point limit. When 

| an output, goes LOW when the analog input is eens to or greater than the high 

| set point limit. 

58 44 MSP/OVR _ Bidirectional pin. When an input, set points limits are entered with this pin. When 
an output, goes LOW when the analog input exceeds the full-scale voltage. 

59 45 DGND Digital Ground. Internal reference voltage for internal logic and LCD display. Do 

not connect to power supply ground. Connect a 10 uF capacitor from DIGITAL 

. GND TO Vpp (Pin 6). See applications section for details. 
62 45 SCLK Output. Clock for serial data output. | 
| | . Output. Serial data output. After each conversion, the result (1000 counts, max., 
63 47 SDO in BCD Format) and Overrange and Underrange flags are output on this pin. After 
set points are changed or displayed, the set point value_will will be output as soon as 
ISPL or ISPH go High. 

64 48 EOC/HOLD _ Bidirectional pin. Pulses HIGH at the end of each conversion. If held LOW 
conversions will continue but the display is not updated. 

65 49 Vs Negative supply voltage input. Typically battery ground or -5 V supply. 

66 50 COM Analog Common. Establishes the internal analog ground point. ANALOG 
COMMON is set 3.3 V below the positive supply by an internal zener reference 
circuit. The voltage difference between V* and ANALOG COMMON can be used 
to supply the TSC827 voltage reference. 

67 51 REF+ Differential reference input positive. 

68 52 REF- Differential reference input negative. 


Note: Pins 9, 10, 26, 27, 43, 44, 60 and 61 are NC (No Internal Connection) on 68-Lead PLCC 
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TSC827 


900000000 IIIf 


INT IN (Pin Numbers Shown are 


for 68-Lead PLCC) 


PUtg deb 


INT OUT 
OSC1 


iSPL ISPH/ MSP/ EOC/ BP3 
IN/OUT SPL. SPH OVR HOLD SCLK SDO 


SERIAL DATA OUTPUT 


SERIAL DATA. CLOCK 
(See Text) = ey 
BATTERY END OF CONVERSION/ HOLD 
GND 


DGND (EXTERNAL LOGIC GROUND REFERENCE) 


Setpoint Setpoint Over- 
Low High Range 
Alarm = Alarm = Alarm 


@ Input Signal Integration 


e@ Reference Voltage Integration (Deintegration) 
ANALOG i a . 
INPUT O——o The input signal being converted is integrated for a fixed time 


Pens period (Tg)). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The refer- 
ence integration time is directly proportional to the input signal 
(TR). (Figure 2). 


In a simple dual slope converter a complete conversion re- 
quires the integrator output to “ramp-up” and “ramp-down.” 


= A simple mathematical equation relates the input signal refer- 
F ence voltage and integration time: 
o) 
a T. 
5 * 1/2 VEULL-SCALE > 
o (+ ——Vin ~ VeuLt-scace 
E Sec, Vin(ddt = —YRER 
ixeo >t =| RC RC 
SIGNAL VARIABLE 
INTEGRATE REFERENCE 0 
TIME INTEGRATE TIME 
Figure 2: Dual Slope Converter Block Diagram where: 
Dual Slope Conversion Principles ls im Recht ei hells ‘a 
. _ Ts, = Signal Integration Time (Fixed) 
The TSC827 is a dual slope, integrating analog-to- -digital con- Tr; = Reference Voltage Integration Time (Variable) 
verter. The conventional dual slope converter measurement T 
cycle has two distinct phases: For a constant Vn: Vin = Va ——RE 


Ts; 
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The dual slope converter accuracy is unrelated to the integrat- 
_ing resistor and capacitor values as long as they are stable 
during a measurement cycle. An inherent benefit is noise 
immunity. Noise spikes are integrated or averaged to zero 


during the integration periods. Integrating ADCs are immuneto — 


the large conversion errors that plague successive approxima- 
tion converters in high noise environments. Interfering signals 
with frequency components at multiples of the averaging 
period will be attenuated. (Figure 3). . 


Te 
Tall 
LL 


0.1/T WT . . 10/T 
INPUT FREQUENCY 


Figure 3: Normal-Mode Rejection of Dual Slope 
Converter | 
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CONTROL) <t— DEINT 
<— 2! 
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_ ANALOG 
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Figure 4: TSC827 Analog Section 


INTEGRATOR ane 
= VIN a ee 


The TSC827 converter improves the conventional dual slope 
conversion technique by incorporating auto-zero and zero- 


integrator phases. The auto-zero phase eliminates zero-scale — 
offset errors and drift. The zero-integrator phase provides a . 


rapid recovery from input overrage conditions. 


Theory of Operation 


Conversion Resolution 


The TSC827 displays the analog input as 101 segments, but 
internally the A/D conversion has a resolution of 1000 counts. 
The conversion timing is therefore based on 4000 cycles of the 
TSC827 internal clock. The expanded resolution (1,000 counts, 
maximum) is available at the Serial Data Output. 


Analog Section 


In addition to the basic signal integrate and deintegrate cycles 
discussed previously, the TSC827 also incorporates auto-zero 
and zero-integrator cycles. The auto-zero cycle removes 


_ buffer amplifier, integrator, and comparator offset voltage error 


terms from the conversion. A true digital zero results without 


external adjusting potentiometers. The zero-integrator cycle 
ensures quick recovery from an input overload. A complete — 


conversion consists of four cycles: an auto-zero, integrate, 
deintegrate, and zero-integrator cycle. See Figure 4 and 5. 
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INTEGRATOR 
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ANALOG 


COMMON 
POTENTIAL 


INTERNAL SYSTEM 
CLOCK (FSYS) 


INTE Nin DATA 
LATCH UPDATE 
SIGN ALY 


1500 COUNTS —— > 1000 COUNTS 


ONE CONVERSION CYCLE 


Figure 5: TSC827 Conversion Has Four Cycles 


Auto-Zero Cycle 


During the auto-zero cycle the differential input signal is dis- 
connected from the circuit by opening internal analog gates. 
The internal nodes are shorted to analog common (internal 
analog ground) to establish a zero input condition. Additional 
analog gates close a feedback loop around the integrator and 
comparator. This loop permits comparator offset voltage error 
compensation. The voltage level established on CAZ compen- 
sates for device offset voltages. The auto- zero cycle length is 
1500 counts. 


Signal Integration Cycle 


The auto-zero loop is opened and the internal differential 
inputs connect to +iN and -IN. The differential input signal is 
integrated for a fixed time period. The TSC827 signal integra- 
tion period is 1000 clock periods or counts. The externally set 
clock frequency is divided by 2 before clocking the internal 
counters. The integration time period is:. 


Tai X 1000 


Fosc 
Where: 


Fosc = External Clock Frequency 


The differential input voltage must be within the device common- 
mode range when the converter and measured system share 
the same power supply common (ground). If the converter and 
measured system do not share the same power supply com- 
mon, -IN should be tied to analog-common. This is the usual 
connection for battery operated systems. 


TSC827 


REFERENCE INTEGRATE 
PHA Ri) 


a y 
(DEINTEGRATE) vERONASE (Zi) 


ZERO CROSSING 
DETECTED 


TomVin 


1500 to 499 COUNTS (See Text) 
NUMBER OF 


COUNTS — > 
PROPORTIONAL 
Vin 1001 COUNTS 
MAXIMUM 


1 
= 4000 COUNTS (Tcony = 4000 x ) 
Fsvs 


Reference Integrate Cycle 


The third phase is reference deintegrate. Vi, is connected 
internally to REF+, and Vix is connected to REF-. The time for 
the integrator output to return to zero is proportional to the 
input signal and is between 0 and 1000 counts. The digital 
reading displayed is: 


100 VIN , while the internal conversion result is 1000 Vin _ 
VREF VREF 


As with the analog input, the differential reference input must 
be within the common mode range (Vs + 1.0 V to Vg - 1.3 V). 

Although only 1000 counts of Reference Integrate are dis- 
played, this cycle lasts a maximum of 1001 counts. The final 
count will detect an input overrange condition, and set the 
overrange LCD segment “ON” and the MSP/OVR a out- 
put to a logic LOW. 


Zero-Integrator 


The fourth cycle is Zero-Integrator. The comparator output is 
connected to V;x, causing the integrator output to return toOV. 
This cycle ensures a rapid recovery from input overrange con- 
ditions. 


Zero-Integrator cycle lasts a minimum of 499 counts. Also, 
unused Reference Integrate counts are spent in Z-I. The Z-I 
cycle is therefore variable, and will be: 


499 + (1001 - Reference Integrate counts) 
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System Timing 
The oscillator frequency is divided by 2 prior to clocking the 
internal counters. The four-phase measurement cycle takes a 
_total of 4000 clock pulses. The 4000 count cycle is independ- 
ent of input signal magnitude. 


Each phase of the measurement cycle has the following length: 
@ Auto-Zero Phase: 1500 Counts 
® Signal Integrate: 1000 Counts | 

This time period is fixed. The integration period is: 


Ts = 1000 ff _2_ 
Fosc 


Where Face is the externally set clock frequency. 
@ Reference Integrate: 0 to 1001 Counts 
@ Zero-Integrator: 499 to 1500 Counts 


For signals less than full-scale the Zero-Integrator cycieis 


assigned the unused reference integrate time period. 


Differential Signal Inputs (+IN, Pin 2; -IN, Pin 1) 


The TSC827 is designed with true differential inputs and 
accepts input signals within the input stage common-mode 
voltage range (Voy). The typical range is V* -1.3 to V’ +1 V. 
Common-mode voltages are removed from the system when 
the TSC827 operates from a battery or floating power source 
(Isolated from measured system) and -IN is connected to 
analog-common (Vcoy). In this case, analog-common pro- 
vides a common-mode bias point about 3.3 Vv below the posi- 
tive supply (Vs ). 


In systems where common-mode voltages exist the TSC827 
70 dB common-mode rejection ratio minimizes error. Com- 
mon-mode voltages do, however, affect the integrator output 
level. Integrator output saturation must be prevented. Since 
the TSC827 will only convert positive input voltages, the worst- 


case condition exists if a large negative Voy existsin conjunc- . 


tion with a full-scale differential signal. The input signal drives 
the integrator output negative along with Voy. For such appli- 
cations, the integrator output swing can be reduced below the 
recommended 3.0 V full-scale swing. The integrator output will 
swing within 0.3 V of Vs without increased linearity error. 


Differential Reference Inputs. | 
(REF+, Pin 67; REF-, Pin 68) ; 


The TSC827 reference, like the analog signal input, has true 
differential inputs. The same common-mode limits apply to 
both the analog and the reference inputs. The reference voi- 
tage (between REF+ and REF-) should be set equal to the 
desired full-scale voltage. As with the analog signal input, the 
reference voltage (measured from REF+ to REF-) must have a 
positive polarity. 


Analog Common (coo, Pin 66) 


This pin sets the common-mode voltage for battery operation 
or for any system where the input signals are floating with 
respect to the power supply. Analog common is set approxi- 
mately 3.3 V more negative than the positive supply. 


Analog common can be used as the TSC827 reference. Typical 
specifications are output voltage of 3.3 V and temperature 
coefficient of 50 ppm/°C. An external reference, such as a 
TSC04 or TSCO5, can also be used. The circuit is shown in 
Figure 6. 


REFt “4 


TSC827 


REF~ 


ANALOG COMMON 


* FOR FULL-SCALE VOLTAGE <1.0 V, 
USE TSCO4. FOR Veg 1.0 V, 
USE TSCOS 


Figure 6: Using TSC827 with an External Reference 


Analog commonis also used as the Vin return during auto- -zero 


and zero-integrator cycles. If Viy is at a different potential than 


analog common, a common-mode voltage exists in the system 
and is attenuated by the CMRR of the converter. However, in 


some applications Vix will be set at a fixed voltage (power 
supply common, for example) that is more negative than 
analog common. In this case, analog common should be tied to 
the same point, thus removing the common-mode voltage from 
the converter. The same holds true for the reference voltage. If 
REF- can be conveniently referenced to analog common, it 
should be since this removes the common-mode voltage from 
the reference system. 


Within the IC, analog common is tied to an. N- channel FET that 
can sink 5 mA or more. However, there is only 12 wA of source 
current, so analog common can easily be tied to a more nega- 
tive voltage. Doing so overrides the internal reference function 
of analog common, however, so an external reference must be 


- used. 


Theory of Operation 


Digital Section 


- The TSC827 digital section includes a éidck gearaiok A/D 
_ conversion counters and control logic, display drivers fora 101 


segment LCD bargraph, serial data output, and set point logic. 
A simplified block diagram i is shown in Figure 7. 
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SPL 


COMPARATOR 


O 
EOC/HOLD 


Figure 7: TSC827 Digital Section Block Diagram 


A single resistor sets the internal oscillator frequency. The 
oscillator output is divided by two for the A/D converter clock, 
and further divided by 64 for the 6-cycle backplane generator. 
An oscillator resistor of 160 kQ will give an oscillator frequency 
of about 60 kHz, backplane repetition rate of 78 Hz, and A/D 
conversion rate of 7.5 second. 


The TSC827 drives a triplexed LCD display. Three backplane 
and 35 segment drivers yield 105 display segments, arranged 
as 0 through 100 analog divisions plus Underrange, Overrange, 
High limit and Low limit annunciators. All data formatting and 
backplane/segment waveform generation are accomplished 
on-chip. 


Data Display versus Analog Input 


The TSC827 transfer function is shown in Figure 8. Inputs less 
than 0 V will result in an underrange condition. The Underrange 
segment of the LCD display will be “ON” and the first data bit of 
the serial data output will be a logic LOW. For analog inputs 
from 0 V to full-scale, the appropriate LCD segments will be 
“ON.” | 


The “100” segment of the LCD display is “ON” when the inter- 
nal A/D conversion result is =1000 counts. When the analog 
input equals or exceeds 1001 counts, an overrange condition 
exists. The “Overrange” LCD segment will be “ON,” the second 
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COMPARATOR 


HIGH 
ENABLE 


HIGH SETPOINT 
REGISTER 


SCLK 
O SHIFT REGISTER 


ISPH_ = ISPL 


data bit of the serial data output will be logic LOW, and the 
MSP/OVR output will go to a logic LOW. 


BARGRAPH DISPLAY 
oa 
SERIAL DATA OUTPUT 


orND WwW PF @n @ O 


1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
ad 


Cc 
za 


998 399 1000 1001 1002 
ANALOG INPUT 


Cc 
2 


*NOTE: 
ANALOG INPUT <OV = UNDERRANGE 


Figure 8: TSC827 Transfer Function 
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‘Serial Data Output Protocol 


Serial data is output at the end of each conversion cycle. The 
_full 1,000 count A/D converter resolution is available, as well 
as overrange and underrange flags. Data output is signalled by 
EOC/HOLD, and.synchronized with SCLK. The format for serial 


data output is shown in Figure 8. Typical interface circuits are © 


shown in Figures 30 and 31. 


Serial Data Output (€0c/HOLD, Pin 64) 


EOC/HOLD isa bidirectional pin, which serves both as an end 
of conversion output and as an input to “freeze” the conver- 
sion reading. Figure 10 shows a simplified schematic of the 

input/output nature of this pin. Since there is approximately 
200 kf) in series with the output, it can only drive a single 
CMOS gate. A Schmitt-trigger buffer (such as a 74C14) should 
be used if fast rise/fall times are required. Also, precise timing 
relationships between EOC and other outputs are not defined 
due to the slow rise time of this output, even if the Schmitt- 
trigger buffer is used. _ 


As an output, pin 64 will go High for 1/2 of a converter system 
_ clock (one system clock equals two external clocks) at the end 
of each conversion. Ten system cack! later, serial data is valid 
and is clocked out by SCLK. 


When used as an input, pin 64 prevents the display latches and 
serial data output from being updated. The display will there- 
fore be “frozen” at the value present when pin 64 went toa 
logic LOW. The converter will continue to operate, however, so 


that when pin 64 goes to a logic HIGH the next conversion will: 


be correct. 


The. HOLD pin is designed to be controlled by a mechanical 
switch. If control by external logic is required, an open- 
collector or three-state gate must be used. 


No external LCD annunciator is provided to indicate that the 


TSC827 is in the “HOLD” mode. However, the display annun- 


ciator output can be used for this purpose (Figure 11). 


Serial Data Output (spo, Pin 63) 


Serial data is output on this pin. The data format is shown in 
Figure 9 and Table 1. Data is valid on the rising edge of SCLK 
(Pin 62). SDO will drive one TTL load. 


DISPLAY 


UPDATE 


Figure 10: EOC/HOLD Pin Schematic 


EOC/HOLD 
LCD DISPLAY 
4 
TSC827 DPDT SWITCH 4 HoLD 
DGND 


ANNUNCIATOR 
BP1 


Figure 11: “HOLD” Mode Annunciator 


Serial Clock (ScLK, Pin 62) 


SCLK is the clock for serial data transmission. SCLK goes 
HIGH in the middle of each serial data bit output on Pin 63. 
Each SCLK pulse is HIGH for 1/2 system clock. SCLK will drive 
one TTL load. 


NOTE: THERE IS A DELAY OF 10 SCORE oo 


BETWEEN THE FALLING EDGE O 


AND THE FIRST SCLK PULS BP tsce27 _ pd 
| ee a 


spo : an | | Ez: | | 
CLOCK a : 


NOTE: SYSTEM CLOCK FREQUENCY IS 1/2 fose. | 


Figure 9: TSC827 Serial E Data - Output Waveform 
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Table 1: Decoding Serial Data Output 


SCLK 
Pulse SDO Data 
1 UR — Underrange 
2 OR — Overrange 
3 Q1000 — 1000s digit 
4 Q100D — Bg of 100s digit (BCD) 
5 Q100C — B, of 100s digit 
6 Q100B — Bp of 100s digit 
7 Q100A — B, of 100s digit 
8 Q10D — Bg of 10s digit 
9 Q10C — B, of 10s digit 
10 Q10B — Bo of 10s digit 
11 Q10A — B, of 10s digit 
12 Q1D — Bg of 1s digit 
13 Q1C — By, of 1s digit 
14 Q1B — Bp of 1s digit 
15 QIA — B, of 1s digit 


Set Points and Alarms 


High and Low set points can be set and displayed by the 
TSC827. When the analog input is below the low set point 
value, the Low limit annunciator will be turned on. When the 
high set point is equalled or exceeded, the High annunciator 
will be turned on. Tables 2 and 3 show the set point logic. The 
set point annunciators and alarms do not have built-in hysteri- 
sis. 


Table 2: Set Point Alarm Truth Table 


Alarm Status 
Analog Conversion Result SPL SPH 
< Set point limit LOW HIGH 
= Set point limit HIGH LOW 
> Set point limit HIGH LOW 


Table 3: Set Point Alarm Trip Points 


SERIAL | High Low 
DATA LCD Alarm Alarm 


OUTPUT DISPLAY — Status Status 

HIGH 901 90 L H 
Set point 900 90 L H 
Limit = 90 899 89 H H 
898 89 H H 

LOW 101 10 H H 
Set point 100 10 H H 
Limit = 10 99 9 H L 
98 9 H L 
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The High and Low alarms operate independently of each other. 
There is no interaction between set point registers. For exam- 
ple, the High limit can be set lower than the Low limit. In this 
case, both alarms can be ON simultaneously. 


The set point limits can also be used to control external cir- 
cuits. Digital outputs on the TSC827 will go LOW when the 
High and Low limits are exceeded. These outputs can form the 
basis of a simple process controller. 


Set points are fabricated in the TSC827 as true digital compar- 
ators. Setpoint limits are loaded and stored in shift registers, 
and the stored value is compared to the analog conversion 
value at the end of each conversion. If a set point limit is 
exceeded, the appropriate output is updated simultaneously 
with the end of conversion (EOC) pulse. Once set, set point 
limits will remain until either reset or until power is removed 
from the TSC827. 


During set point entry, the LCD display will reflect the set point 
limit. After set point entry the set value is also output on the 
serial data output. Set point limits can be displayed at any time 
without changing the existing value. 


The set point and overrange alarms are multiplexed with set 
point inputs. Alarms are disabled while set point limits are 
being entered. = 


Set Point Entry 


One input (IN/OUT) and three bidirectional pins (MSP/OVR, 
ISPH/SHP/ and ISPL/SPL) control set point entry. Table 4 
shows the relationship between the four inputs, and Figure 12 
is the entry sequence. Set point entry can be implemented with 
simple mechanical switches. See the applications section for 
details. 


Table 4: Logic for Set Point Entry and Display 


Ces pee Ge ea LCD 
IN/OUT ISPL/SPL ISPH/SPH MSP/OVR DISPLAY 
1 OUTPUT ouTPUT ouTPUT = ®Nalog 
Input 

0 0 0 x Analog 
Input 

0 { ; x Analog 
Input 

Enter High HIGH 

e Limit Limit 
Enter Low LOW 

2 : Limit Limit 


Input/Output (iN/OUT, Pin 55) 


This input determines whether the three bidirectional pins will 
be inputs or outputs. When IN/OUT is a logic HIGH, pins 56, 
57, and 58 are the low set point, high set point, and overrange 
alarm outputs respectively. When IN/OUT is a logic LOW these 
pins are inputs for set point entry. 
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Input Set Point. Low, , Input Set Point High, 
(ISPL/SPL, Pin 56.and:ISPH/SPH, Pin 57) 


As inputs, these pins select which. set point (low or high) will be 
entered or displayed. When ISPL or ISPH are set to logic LOW 
the respective annunciator is turned on and the set point limit 
is displayed on the. LCD display. When ISPL or ISPH go HIGH 
the set point value is-latched into the appropriate set point 
register and is also placed:on the serial data output. 


When IN/OUT (Pin 41) is‘a logic HIGH, pins 56 and 57 are the 
the Low and High set point alarms, respectively. The alarm 
output status is determined by the analog input value and the 
set pelnt limit. See Tables 2 and 3. 


Modity Set Point ; (MSP/OVR, Pin 58) 


When IN/OUT and either ISPL or ISPH are logic “O,” this pinis 
used to input the set point value. The first negative-going pulse 
will reset the appropriate set point register to. zero counts. 
Each additional pulse will increment the register by one count. 
Holding MSP LOW will, after a delay of eight A/D conversions, 
cause the set point register to increment at the A/D conversion 
rate. If the desired set point value is exceeded, ISPL or ISPH 
must be brought HIGH and then. LOW, and the set-point value 
reentered. The set point registers will not “roll-over” to 0 after 
the maxiumum count is reached. 


iif MSP does not go LOW while ISPH or TSPL are LOW, then the 
set point register will not change. This permits the set point 
values to be eee without manne the contents of the 
registers. , 


When IN/OUT is a logic HIGH, pin 58 will go toa logic LOW 
when the analog input exceeds full-scale. 


<A iSPH, SPL, AND. MSP BECOME INPUTS 
“LOW” LCD ANNUNCIATOR “ON”; LOW SETPOINT REGISTER 
_ JIN/OUT | : CONTENTS DISPLAYED; LOW SETPOINT ALARM “OFF’ 


es 
IF MSP DOES NOT GO LOW, THE SETPOINT VALUE WILL 


NOT CHANGE. THUS, THE SETPOINT LIMIT CAN BE VIEWED 
AT ANY SIME WITHOUT CHANGING THE VALUE. 


INTERNAL 
COUNTS. 


COUNT “9” —»» 
COUNT “10” ___y» 


COUNT °4” ——> 
COUNT “5” —> 
COUNT “6” ——>> 
COUNT “7”"-—> 
COUNT “8” —> 


RESET TO “0"—> -— 
COUNT “2” —»> 
COUNT “117 —> 


’ AFTER 8 CONVERSION CYCLES, THE COUNTS 
WILL INCREMENT AT A RATE OF 1 COUNT 


* PER CYCLE (1 CYCLE IS 4000 SYSTEM CLOCKS) 


FINAL COUNT IS LATCHED. 
15 CLOCK CYCLES LATER 
‘THE NEW VALUE IS OUTPUT 
SERIALLY. 


Figure 12: Sequence for Entering Set Points _ 


Applications Information 
Power Supplies | 


The TSC827 is designed to operate from a single power supply, 
over a range of 7 V to 15 V. Supply current requirements are 
typically only 1.4 mA, so operation from a single 9 V battery is 
possible as shown in Figure 13. For battery operation, Analog 
Common (COM, Pin 66) provides a common-mode bias voltage 
(See previous discussion of Analog Common). However, mea- 
surements cannot be referenced to battery ground. To do so 
will exceed the negative common-mode voltage limit. 


TSC827 


Vs 


Figure 13: Powering the TSC827 from a Single 9 Volt 
Battery 


= 35 Vt06V 


ae 


TSC7660 


_ Figure 14: Powering the TSC827 fon a Low- Voltage 
Battery 


7-156 


PRODUCT INFORMATION 


Figure 15: Powering the TSC827 from a +5 Volt Power 
Supply 7 


Low Voltage Battery Source 


A battery with voltage between 3.5 and 7 V can be used to 
power the TSC827, when used with the TSC7660 voltage 
doubler as shown in Figure 14. The voltage doubler uses the 
TSC7€60 DC to DC converter and two external capacitors. 
With this configuration measurements can be referenced 
either to Analog Common or to battery ground. 


The TSC827 can also operate from +5 V supplies (Figure 15). 
Measurements are made with respect to power supply ground. 
Digital Ground (DGND, pin 59) must not be connected to power 


W 


Figure 16: Generating Analog Common and Digital GND 


TSC827 


supply ground (See “Connecting to External Logic” section for 
details). If only a single +5 V supply is available, the TSC7660 
can be used to provide a negative supply as in the low-voltage 
battery application (Figure 14). 


Digital Ground (DGND, Pin 59) 
Digital Ground is generated from an internal zener diode (Figure 


16). The voltage between Vg and DGND is the internal supply 
voltage for the digital section of the TSC827. DGND will sink a 
minimum of 20 mA, but will only source about 500 WA. A 10 uF 
capacitor must be connected between DGND and Vg (Pin 6). 


DGND can also provide the drive voltage for the LCD display. 
Connecting DGND to VDISP will provide a total LCD drive 
voltage of about 5 V. 

WARNING: 

DGND is an output, not a power supply input. DGND must not 
be connected to the power supply ground in +5 V systems. 


Applications 


Analog Section 

Reference Voltage Selection 
The full-scale input voltage will equal the reference voltage. 
The full-scale voltage (and therefore the reference voltage) can 
range anywhere from +100 mV to +2.0 V. The reference poten- 
tial is measured between REF+ (Pin 67) and REF- (Pin 68). The 
reference voltage common-mode limit is Vg + 1 V to Vg - 1.3 V. 


ZN : DIGITAL 
i 
DIGITAL 
GND 
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Required Full-Scale Voltage | | Vrer 
100 mV | , . 100 mV 
2V 2V 


The internal voltage reference potential available at analog- 
common will normally be used to supply the converters refer- 
ence. This potential is stable whenever the supply potential is 
greater than approximately 7 V. In applications where an exter- 
nally generated reference voltage is desired refer to Figure 6. 


Component Value Selection 


Integrating Resistor (pint) 


The desired full-scale input voltage and output current capa- 
bility of the input buffer and integrator amplifier set the integra- 
tion resistor value. The internal class A output stage amplifiers 
will supply a 10 wA drive current with minimal linearity error. 
RINT is easily calculated for a 10 wA full-scale current: 


_ Full-Scale Input Voltage (V) __ VFS | 
10xX10° — 10x 10°° 


Where: VFS = Full-Scale Analog Input 


Integrating Capacitor (cint) 


The integrating capacitor should be selected to achieve a 3.5 V 
to 4V integrator output swing. The integrator output will swing 
to within 0.4 V of Vg without saturating. 


The integrating capacitor is easily calculated: 


Sie: VES 2000 
RINT \ FOSC X VINT 


Where: VINT = Integrator Swing | 
FOSC = Oscillator Frequency 


The integrating capacitor should be selected for low dielectric 
absorption. Polypropylene capacitors are suggested. 


Auto-Zero Capacitor (caz) 


CAZ should be 2-3 times large than the integration capacitor. A 
polypropylene capacitor is suggested. OEE) values from 
0.15 uF to 0.47 uF are satisfactory. 


Several capacitor/ resistor combinations for common full- 
scale input conditions are given in Table 5. 


Table 5: Suggested Component Values 


| 2V 400 mV 100 mV 

ny Full-Scale Full-Scale Full-Scale 
Component Vpep~2V Vrer ~ 400 mV Veer ~ 100 mV 
Rint 200 kQ — 40kO ~~ 10kQ 
Cint 0.1 UF . 0.1 pF 0.1 pF 
Caz 22 uF 22 uF 33 uF 
Rosc . 150 kQ 150 kQ 150 kQ 


1. Approximately 7.5 conversions/sec. 


Input Filter 


- For added stability, an RC input noise filter is usually included 


in the circuit. The input filter resistor value is typically 100 kQ.A 
typical RC time constant value is 16 ms to help reject line- 
frequency noise. The input filter capacitor should have tow 
leakage. . 


Applications Information 

Digital Section 

Oscillator Operation 

The TSC827 external oscillator frequency, Fosc, is set by resis- 


tor Rosc, connected between Pins 7 and 8. The oscillator 
frequency vs. resistance curve is shown in Figure 17. 
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Figure 17: Oscillator Frequency vs Rosc 


Fosc is divided by two to provide an internal system clock. 
Each conversion requires 4000 system clock cycles. The 
internal system clock is divided by 64 for the 6-phase back- 
plane generator. Serial data is clocked out at one-half the 
system clock rate. See Figure 18. _ 
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Connecting to External Logic 


External logic can be directly reference to Digital Ground 
(DGND, Pin 59) provided that the logic current does not exceed 
about 20 mA. The connection is shown in Figure 20. The typical 
performance curve of DGND voltage versus sink current is 
shown in Figure 21. For interfacing to large digital systems, a 
buffer amplifier can be used to sink additional ground current 
(Figure 22). 


aaa. 


SERIAL DATA CLOCK-FSCLK 


BACK PLANE FREQUENCY-FBP . 36 | =. 


TSC827 


BACKPLANE PHASE-FBPP 


INTERNAL SYSTEM CLOCK-FSYS Le 
FOSC 
O O 
en | 
—_——~ Ne seal 
Osc2 
INTERNAL SYSTEM CLOCK = FSYS = FOSC/2 
LCD BACKPLANE PHASE = FBPP = FSYS/64 


LCD BACKPLANE FREQUENCY = FBP = FBPP/6 ROSC 
SERIAL DATA CLOCK = FSCLK = FSYS/2 : 


EXTERNAL 


Figure 18: Internal Oscillator Operation 


External Oscillator Operation 


The internal oscillator may be bypassed by driving OSC1 (Pin 7) 
with an external signal. OSC2 (Pin 8) should be left uncon- - - - 
nected. The oscillator should swing from DGND to Vs. See Figure 20: External Logic Referenced Directly to DGND 
Figure 19. | 


> TSC827 
Ta= 25°C 
+ = 


OSCILLATOR 


TSC827 


VpIGITAL GROUND !V) 
+ 
(Vg _ — Vpgnp) 


(A) Single 9 V Supply 


DIGITAL GROUND [mA) 


POWER 
OSCILLATOR SUPPLY 


Figure 21: DGND Voltage vs Current vs tVs, 


(B) Dual Supply 
Figure 19: External Oscillator Connection 
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"EXTERNAL 
LOGIC. 


Figure 22: External Logic Referenced to DGND with 
Buffer 


Entering Set Points with 
Mechanical Switches 


Set point values can be entered into the TSC827 with simple 
mechanical switches. Two possible arrangements are shown 
in Figure 1 and 23. The circuit of Figure 23 uses only one DPDT 
toggle switch, with a center “OFF” position, to select either 
High set point, Low set point, or a-d converter data display. The 
resistor is included so that SPL or SPH are not shorted directly 
to DGND during the delay between IN/ OUT going LOW and the 
SPL or SPH oulpet turning OFF. 


IN/OUT 


sal 


TSPH/spu TSC827 
SWITCH: ISPH/SPH 
DPDT O 


CENTER 


“OFF” : ISPL /SPL 


MSP/OVR 


Figure 23: Two-Switch Set Point Entry 


Switch debouncing for set point entry requires only one capac- 
itor. When configured as inputs, Pins 55 through 58 have a 1 yA 
to 2 vA internal pullup to Vs. The input gate includes about 0.8 
V of hysterisis (Vi = 0.7 V, Vip = 1.5 V). Therefore, connecting a 
small capacitor to MSP as shown in Figure 23 will provide 
debouncing for the set point switch. Switch bounce in ISPLand. 


ISPH will jill be ignored, because the set point will not change. 


unless MSP goes LOW while SPL or ISPH are LOW. 


uP Set Point Entry 


Set points can also be entered from the I/O port of auP or WC. If 
|/O pins can be individually assigned as input or output, as 
with the 65C22 or 68HCxx, then the TSC827 can be connected 
as shown in Figure 24. Interfacing to a uP with dedicated 
outputs may require the addition of three-state or open- 
collector buffers. 


In most cases the TSC827 interface is a simple matter of 
manipulating the I/O lines to enter the desired data. An exam- 
ple, using the 65C22, is shown in Figure 25. First, the IN/OUT 
input is made a logic LOW, causing the ISPL, ISPH, and MSP 
pins to become inputs. I/O port pins PA1 through PA3 are then 
made outputs, to control the data entry. Next, either ISPL or ISPH 
is brought LOW to select low or high set point entry. Then MSP 


‘is pulsed repeatedly to input the set point limit. Finally, ISPL or 


ISPH is made a logic HIGH, PA1-PA3 are returned to the. input 
state, and IN/OUT is brought HIGH to return pins 56, 57, and 58 
to their output state. 


+ 
Vs 


IN/OUT 


iSPL /SPL 
TSPH/SPH 
MSP/OVR 


Figure 24: TSC827 Interface to uP or uC 
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65C22 Register Contents 


DATA DIRECTION REGISTER A 


DATA REGISTER A 


DDRAO 
(IN/OUT) 


DDRA3 DDRA2 
(MSP/OVR) (ISPH/SPH) 


DDRA1 
(ISPL/SPL) 


0 0 0 0 
1 1 1 0 


PA3 PA2 PA1 PAO 


1 1 1 1 Read set points and overrange alarms on 


PA1 - PA3 
Make ISPL, ISPH and MSP into inputs 


Make PA1 and PA3 outputs 
Select low set point 
Pulse MSP LOW to clear set point register 


EE os ee ee ae 
ee ae cae oe 8 
oo © © 
oOo Oo oO OG 


° Pulse MSP to input desired set point value 


1 1 1 O Terminate low set point entry (Note 1) 
1 1 1 1 Return ISPL, ISPH and MSP to outputs 


NOTE 1. Rising edge of ISPL will cause the set point value to be output on the Seria! Data Output. The High set point can be entered without bringing IN/ OUT to alogic HIGH. 
Figure 25: Data Flow for Entering Set Points via 65C22 I/O Port 


Microprocessor Timing Limitations 


The TSC827 interface timing is optimized for interface to 
mechanical switches, not for speed. Although most uP inter- 
face applications will not be limited by the TSC827 logic 
delays, fast uPs and random logic (e.g. 74HCxx) will require the 
addition of wait states or delays. The suggested timing for 
entering set points is shown in Figure 26. 


In some applications a uP may simply wish to read the set point 
value. In this case, a minimum pulse width of 1 usec at SPL or 
SPH is required. 


| 4 ; | ~*~ 


IN/OUT . 


Figure 26: Recommended Timing for uP Entry of 
Set Points 


Display Driver 


The TSC827 drives a triplex liquid crystal display with three 
backplanes. The LCD display typically includes 101 data seg- 
ments and annunciators for underrange, overrange, low set 
point alarm and high set point alarm. Table 5 shows the 


assignment of the display segments to the backplanes and 
segment drive lines. The backplane frequency is obtained by 
dividing the oscillator frequency by 768. For example, an oscil- 
lator frequency of 60 kHz will result in a backplane drive fre- 
quency of 78 Hz. 


The three backplanes (BP1, BP2, and PB3) have output wave- 
forms that remain the same regardless of the segments being 
driven. The other output display lines (Pins 16 through 54) have 
waveforms that vary depending on the displayed value. How- 
ever, the display format is abargraph so adjacent segments are 
either “ON” or “OFF.” Therefore, the segment waveforms are 
not as complicated as backplane signals in numeric or alpha- 
numeric displays. Figure 27 shows the three TSC827 back- 
plane outputs together with the “O, 1,2” segment driver (Pin 16) 
when bars 0 and 1 are “ON” and bar 2 is “OFF” (VFS= 1.0 V, VIN 
= 10 mV). 


Figure 27: LCD Backplanes and “‘0, 1, 2’”’ Segment 
Waveforms 
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1% ADC WITH LCD BAR-GRAPH DRIVE 


TSC827 


68-Lead _60-Pin Flat LCD Display Drive Voltage (Vpisp, Pin 12) 
PLCC . Package 2 i) The peak-to-peak LCD drive voltage is equal to (Vg - Vpjsp). For 
Pin No. Pin No. @ most applications, Vpisp can be connected directly to DGND 


(Pin 59). This connection will piONice a typical LCD drive vol- 
tage of 5 Vp-p... . 7 


Temperature Compensation 


For applications with a wide temperature range, some LCD 
displays require that the drive levels vary with temperature to 
maintain good viewing angle and display contrast. Figure 28 
shows two circuits that can be adjusted to give a temperature — 
compensation of about 10 mV/°C between Vg (Pin 6) and 
Vpisp- The diode between DGND and Vpjsp should have a low 
turn-on voltage because Vpjsp cannot exceed .3 V below 
DGND. 


Table 5: TSC827 7 Segment Driver vs Backplane 
Assignment — | 


Annunciator ae 11) 


The annunciator output isa square wave running at the back- 
plane frequency (for example, 78 Hz when Fosc = 60 kHz). The 
peak-to-peak amplitude is equal to Vs- DGND. Connecting an 
annunciator of the LCD display to Pin 11 turns it on; connect- 
ing it to its backplane turns it off. 


Figure 28: Temperature Compensating Circuits 
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TSC827 


LCD Displays 


Most end products will use a custom LCD display for final nes : 
production. In high volume, custom LCD displays are low cost BP 3 


and available from a variety of manufacturers. The TSC827 SNMUNGIKTOR 
interfaces to multiplexed LCD displays with three (triplexed) 
backplane drivers. 


To speed evaluation and prototype development a standard 
TSC827 display is available from: 


99,100,UR 

96,97,98 

UCE Inc. ae aa 0s 

24 Fitch Street 90,91,92 
Norwalk, CT 06855 . . 87,88,89 
(203) 838-7509 oreo 

The part number for this display is 5000-1X101. The display 78,79,80 
layout is shown in Figure 29. ai 
Combining Bar-Graph and | 66.67.68 
Numeric Displays 60°61,62 
57,58,59 

The TSC827 A/D Converter data can be displayed both on a 54,55,56 

bar-graph and a numeric LCD display. This application com- 

bines the ease of recognition inherent in the bar-graph with the 51,52,53 
increased resolution of a numeric display. To provide a pee 
numeric display, the serial data must be transferred to appro- 42,43,44 
priate display drivers. ieee 
A typical numeric LCD interface, using inexpensive CMOS 33,34,35 
logic, is shown in Figure 30. The serial data is clocked into shift oper 
registers and then transferred to the LCD drivers. The End of 24,25,26 
Conversion (EOC) output cannot strobe data into the latches, res 
because it occurs before serial data transfer begins. Instead, | 15,16,17 
the 74C193 counter generates a carry after 15 clock pulses to cl 
update the latches. The backplane for the displays can be ~ 6,7,8 
obtained from the annunciator (Pin 11). ees 
In microprocessor applications, the uP can read the serial data ket 
through an1!/O port. Atypical circuitis shown in Figure 31. The BP 2 


TSC7211AM, a bus-compatible 4-digit LCD display driver, is an Be 


ideal output device in this application. Since the TSC7211AM ; ; : ; 
has data latches, display formatting, and a backplane oscilla- Figure 29: TSC827 Typical LCD Bar-Graph Display 


tor on-chip, no external components are required. 
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LCD DISPLAY 


COUNT UP. — STROBE CD4054 STROBE CD4056 STROBE CD4056 STROBE CD5056 


LOAD IN3IN2_IN1 


Qi aQi4 aQi13 Q12 Q2 Qi ao 


CLOCK 
2 EACH 74C 164 


Figure 30: 827 Interface to Numeric LCD Display 
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Figure 31a: TSC827 Serial Interface to a Microprocessor 
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“9¢ TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC828 


LCD DISPLAY DRIVER | 
WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 


FEATURES 

m Drives Three 3-1/2 Digit LCD Displays 

m Direct Interface to TSC827 Bar Graph A/D Converter 

— Displays A/D Result, High Limit, Low Limit 
Simultaneously 

— Displays A/D Result to 0.1% Resolution 

— Demultiplexes Set Point Inputs/Alarm Outputs 

Serial Data Input | 

Five Decimal Point/Annunciator Inputs 

All Display Decoders/Drivers On-Chip 

Separate Annunciator Driver Output 

Adjustable LCD Drive Voltage Capability 

On-Chip Backplane Oscillator 

Piezoelectric Buzzer Alarm Driver 

Low Power ..............c cece ee eeees 500 vA 

Single 5 V Power Supply 


Uf Pn: 
i 


FUNCTIONAL DIAGRAM 


HIGH LOW LIMIT DATA HIGH LIMIT 
Low OVER UNDER 


OvER og 0G ooo 


LOW SET POINT 
LATCH/LCD 
DRIVER 


~~ 
TSC828 


SERIAL 


SET POINT Sen DECIMAL 
ALARM at POINT 
INPUTS CONTROL VER CONTROL 


ALARM OUTPUTS DECIMAL POINT 
INPUTS 


7-165 


LCD DISPLAY DRIVER 


WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 


TSC828 


GENERAL DESCRIPTION 


The TSC828 is a flexible multi-digit LCD display 
driver. Up to three independent 3-1/2 digit numeric 
displays can be loaded from the serial data input. 
Fabricated in low power CMOS, the TSC828 includes 
all data decoding and formatting andLCD display drive 
circuitry on-chip. 


The TSC828 can function as a numeric sigsiey: 


companion for the TSC827 101 segment bar graph A/D 
converter. In this application the TSC827’s High set 
point, Low set point, and A/D conversion result are 
displayed simultaneously. The “set point input/alarm 
output” pins are demultiplexed, simplifying the interface 
to external logic. In addition to High and Low set point 
digital outputs and LCD annunciators, the TSC828 
incorporates a piezo-electric buzzer driver which is 
activated when an alarm limit is exceeded. 


The TSC828 can also be used as a flexible, 
general purpose display driver for uP applications. The 


numeric displays can be used as three 3-1/2 digit (1999 
maximum) displays, or concatenated to form up to a 
9-1/2 digit display. Data is entered as 15 serial bits, 
synchronized by a serial clock. Two data bits can be 
used as underrange and overrange flags or as inde- 
pendent annunciators. 

Five digital inputs control LCD annunciators or 


decimal points. The TSC828 includes three backplane ~ 


and 31 segment drivers on-chip, and drives a triplexed 
LCD display directly. The LCD drive voltage can be 
temperature compensated externally, if required. 

Supply current is only 500 vA from asingle5.V 
supply. The TSC828 is packaged ina 68- lead plastic 
leaded chip carrier (PLCC). ~ 


Ordering Information 


Temperature 


- Part No. Package Range 
TSC828CLS 68-Pin Plastic Leaded 0°C to +70°C 


Chip Carrier (PLCC) 


Pin Configuration 


TS626 


LEAD PLASTIC 


LE Ss 
LEADED. CHIP CARRIER (PLCC) 


7-166 


PRODUCT INFORMATION 


Absolute Maximum Ratings: 


Supply Voltage (Vs* to GND) 
Digital NPUtS 15.2.0. 4asue0ceiudetods Vs* to GND 
Vst to GND - 0.3 V 
800 mW 


VpISP --- 
Power Dissipation, Plastic Package ...... 


6V Operating Temperature Range 


_TSC8&28 


Storage Temperature Range 


Lead Soldering Temperature (10 sec) ...... 300°C 


Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to Absolute Maximum Rating Conditions for extended periods may effect device reliability. 


Electrical Characteristics: Vs = +5 V, GND = 0 V, Rogg = 160 kQ, Ta = 25°C 


SYMBOL 


ViH 
Vit 


lint 


he 


tepw 
tENABLE 
tcpw 
foLk 
tps 

tbH 

tipL 

TAL 


lAH | 


fosc 


PARAMETER 
Logic “1” Input Voltage 
Logic “O” Input Voltage 


Logic Pulldown Current 


Logic Pullup Current 


EOC Pulse Width 

EOC Enable Time 

Serial Clock Pulse Width 

Serial Clock Frequency 

Data Setup Time 

Data Hold Time 

Internal Data Latch Time 

Alarm Output Sink Current, Low 
Alarm Output Source Current, High 
Buzzer Output Current, Low 
Buzzer Output Current, High 
Buzzer Frequency | 

Oscillator Frequency 

Display Multiplex Rate 

LCD Driver Output Impedance 
Power Supply Voltage 

Operating Supply Current 


: TSC828 

TEST CONDITIONS MIN TYP MAX |UNITS 

ISPL, ISPH, MSP — 2.2 2.8 V 

ISPL, ISPH, MSP 0.8 11 _ V 

DPo-5 & FLAG 

Vin = 5.0 V 

RALARM 

ISPL, ISPH, MSP 

Vit = 0.0 V 
= 4 — US 
— 2 _— Us 
150 250 — kHz 
— 2 — US 
— 2 — ps 
— 2 — US 

VoL = 2.5 V 75 120 — mA 

Vou = 2.5 V 10 20 _ mA 

VoL = 2.5 V — 18 — mA 

VoH = 2.5 V _ 7 — mA 

: 

_ 10 — kKQ) 

Vs=5V _ 500 = UA 
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WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS | 


TSC828 


Pin Description and Function 


Pin , E oe 

Number Name Function Description 

1 LBCP2 LCD _ LCD segment drivers for"b”," “c” segments of 2nd LSD (10’s di of Low | 
Set Point Register, and decimal point 2 (P2). . | 

2 LAGD2 LCD LCD. segment drivers for “a” a”, “g’, “d” segments of 2nd LSD of Low Set 

| Point Register. 

3 LFE2 LCD LCD segment drivers for “f”, “e” segments of 2nd LSD of Low Set Point | 
Register. | 

4. LBCP3 LCD ‘LCD segment drivers for “b”, “c” segments of 3rd LSD (10's digit) of Low 

| Set Point Register, and decimal point 3 (P93). 
oe LAGD3 LCD LCD segment drivers for “a” a “d” segments of 3rd LSD of Low Set Point 
7 Register. | | s 

6 LFE3 LCD LCD segment drivers for “f’, “e” seg ments of 3rd LSD of Low Set Point 
Register. 

7 LBCP4P5 LCD LCD segment drivers for “bc” segment of Most Significant Digit (1,000’s 
digit) of Low Set Point Register, decimal point 4 (DP4), and decimal 
point 5 (P5). | . 

8 HLNORM LCD LCD segment drivers for ‘high’, “low”, “normal” segments of set point 

: alarm status. : z 

9 NC No internal connection. 

10 NC No internal connection. 

11 ~ GND POWER Power Supply common. Connect to DGND of TSC827 or to GND of 

| power supply. 
12 ISPL/SPL 1/01 Connect to ISPL/SPL of TSC827. See Figure 16. | 
13 ISPL INPUT Input low set point. When ISPL is connected to GND, the low set point 
| | limit can be entered into a companion TSC827. 

14 SPL OUTPUT Low set point alarm output. SPL will be low when the TSC827 anaieg 
input is < the low set point register contents. 

15 SPH OUTPUT  Highset point alarm output. SPH will be low when the TSC827 analog 
input is > the high set point register contents. 

16 _ ISPH/SPH 1/01 Connect to ISPH/SPH of TSC827, See Figure 16. 

17 ISPH INPUT Input the high set point. When ISPH is connected to GND, the high set 

: point limit can be entered into a companion TSC827. 

18 MSP/OVR 1/07 Connect to MSP/OVR of TSC827See Figure 16. 

19 MSP _ INPUT Modify the set point limit. See text. | 

20 OVR OUTPUT = Overrange alarm output. OVR will be low when the TSC827 analog 


input is greater than full scale. 
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Pin Description and Function (Continued) 


Pin 
Number 
21 


22 
23 
24 
25 


26 
27 
28 


29 


30 


31 
32 


33 
34 
35 
36 


37 


38 


39 


40 


41 


Name 
RALARM 


IN/OUT 
EOC/HOLD 
OSC2 
OSC1 


NC 
NC 


BP3 


Function 
INPUT 


I/O" 
I/O" 
OSC 
OSC 


POWER 


OUTPUT 


I/O! 


1/01 
LCD 


LCD 
LCD 
LCD 


DP/FLS 


DP/FL4 


DP/FL3 


DP/FL2 


DP/FL1 


INPUT 
INPUT 
INPUT 
INPUT 


INPUT 


ANNUNCIATOR LCD 


Description 


Reset alarm. Connecting RALARM to GND will asynchronously reset 
the alarm output latches (SPL, SPH and OVR will go high and the buzzer 
will be off). 


Connect to IN/OUT of TSC827. See Figure 16. 
Connect to EOC/HOLD of TSC827. See Figure 16. 


Oscillator resistor (ROSC) Connection. 


Oscillator resistor (Rosgc) Connection. Also, OSC1 is the oscillator 
input if an external oscillator is used. 


No internal connection. 
No internal connection. 


Positive power supply connection. Connect to +5 V supply, or to positive 
terminal of 9 V battery. 


Audio frequency driver for piezoelectric transducer. The buzzer will be 
on when any alarm output is active. 


Serial clock input. Display data is clocked into the TSC828 on the rising 
edge of SCLK. Connect to SCLK of TSC827. 


Serial data input. Connect to SDO of TSC827. 


Sets LCD display drive level. Normally connected to digital ground 
(GND). 


Backplane #1 output of LCD driver. 
Backplane #2 output of LCD driver. 
Backplane #3 output of LCD driver. 


Input to contro! decimal point/flag #5. Connecting to Vs" turns the DP 
on; no connection or connecting to GND turns the DP off. 


Input to control decimal point/flag #4. Connecting to Vg" turns the DP 
on; no connection or connecting to GND turns the DP off. 


Input to control decimal point/flag #3. Connecting to Vs" turns the DP 
on; no connection or connecting to GND turns the DP off. 


Input to control decimal point/flag #2. Connecting to Vg" turns the DP 
on; no connection or connecting to GND turns the DP off. 


Input to control decimal point/flag #1. Connecting to Vs° turns the DP 
on; no connection or connecting to GND turns the DP off. 


Output is a square wave at the backplane frequency. Any LCD segment 
attached to ANNUNCIATOR will be turned on. 
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Pin Description and Function (Continued) 


Pin | 
Number Name ~ Function Description 4 8 : | 
42 HBC1 LCD LCD segment drivers for’b”, “c” segments of Least Significant Digit 
, ee 3 (LSD). of High Set Point Register. 
43 NC No internal connection. 
44 NC No internal connection. 
45 HAGD1 LCD LCD.segment drivers for “a”, “g’”, “d” segments of LSD of High Set Point 
Register. | 
46 HFEP1 LCD LCD segment drivers for “f’, “e” segments of LSD of High Set Point 
; Register, and decimal point P1. 
47 HBCP2 LCD LCD segment drivers for’b”, “c” segments of 2nd LSD (10’s digit) of High 
Set Point Register, and decimal point P2. 
48 HAGD2 LCD LCD segment drivers for “a “a’, “g’, “d” segments of 2nd LSD of High Set 
| Point Register. 
49 HFE2 ~. LCD . LCD segment drivers for “f”, “e” segments of 2nd LSD of High Set Point 
/~ _ Register. - 
50 HBCP3 LCD _ LCD segment drivers for “b’, “c” segments of 3rd LSD (100’s digit) of 
~ High Set Point Register, and decimal point 3 (P3). 

o1 _ HAGD3 LCD _ LCD segment drivers for “a”, “g’, “d” segments of 3rd LSD of High Set 
: | Point Register. | 
52 HFE3 . LCD LCD segment drivers for “f”, “e” segments of 3rd LSD of High Set Point 

| Register. 
53 HBCP4P5 LCD | LCD segment drivers for “bc” segment of MSD of High Set Point 
_ Register, decimal point P4, and decimal point P5. 
54 DBC1 LCD - LCD segment drivers for “b’, “c” segments of LSD of TSC827 a-d 
: conversion result. | 
55 DAGD1 LCD ~ LCD segment drivers for “a”, “g”, “d” segments of LSD of TSC827 a-d 
: conversion result. 
56 DFEP1 LCD LCD segment drivers for “f’, “e” segments of LSD of TSC827 a-d 
a conversion result, and decimal point P1. 7 
57 DBCP2 LCD ~ LCD segment drivers for “b”, “c” segments of 2nd LSD (10's digit) of 
ae - “ _ TSC827 a-d conversion result, and decimal point P2. 
58 ~DAGD2 LCD ~ LCD segment drivers for “a”, “g’, “d” segments of 2nd LSD of TSC827 | 
, a-d conversion result. | 
59 DFE2UR LOD LCD segment drivers for “f”, “e” segments of 2nd LSD of TSC827 a-d 
"BP oy : - conversion result, and Underrange flag. | 
60 NC - No internal connection. 
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Pin Description and Function (Continued) 


Pin 

Number Name Function Description 

61 NC No internal connection. 

62 DBCP3 LCD LCD segment drivers for “b”, “c” segments of 3rd LSD (100’s digit) of 
TSC827 a-d conversion result, and decimal point Ps. 

63 DAGD3 LCD LCD segment drivers for “a”, “g”, “d” segments of 3rd LSD of TSC827 a-d 

7 conversion result. — 

64 DFE3OR LCD LCD segment drivers for “f’, “e” segments of 3rd LSD of TSC827 a-d 
conversion result, and decimal point 3 (P93). 

65 DBCP4P5 LCD LCD segment drivers for “bc” segment of MSD of TSC827 a-d 
conversion result, decimal point P4, and decimal point P5. 

66 LBC1 LCD LCD segment drivers for “b”, “c” segments of LSD of Low Set Point 
Register. | A 

67 LAGD1 LCD LCD segment drivers for “a’, “g’”, “d” segments of LSD of Low Set Point 
Register. 

68 LFEP1 LCD LCD segment drivers for “f’, “e” segments of LSD of Low Set Point 


Register, and decimal point P1. 


Figure 1. TSC828 Input Timing Diagram 
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Figure 2. Typical Application 
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PRODUCT INFORMATION 


GENERAL DESCRIPTION 


The TSC828 is an LCD display driver which 
can control up to three separate 3-1/2 digit numeric 
displays. 

Included on-chip are a serial to parallel shift 
register, three data registers, LCD display decoder/ 
drivers, decimal point driver logic, set point alarm 
input/outputs, piezoelectric alarm driver, and clock 
oscillator. A simplified block diagram is shown in 
Figure 3. _ | | 
The TSC828 can be directly connected to a 
TSC827 analog to digital converter. The TSC827 drives 
a 101 segment LCD bar graph display, and also 
includes two set point alarms and a serial data output. 
The TSC828 receives data from the TSC827 A/D 
converter via the serial data input and serial clock. 
Logic on the TSC828 determines whether the received 
data should be latched into the A/D data, low set point, 
or high set point display registers. Data from each of 
the three display registers is displayed on a triplexed 
(three backplanes) LCD display. 


Figure 3. TSC828 Simplified Block Diagram 
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iSPH/SPH 
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TSC828 


The TSC828 simplifies the entry of set points 
into a TSC827 by demultiplexing the bidirectional set 
point input/alarm output pins. When the Input Set Point 
High (ISPH) or Input Set Point Low (ISPL) inputs are 
set to logic low, the TSC828 will force the TSC827 into 
its enter set point mode. In this mode, negative-going 
pulses on the Modify Set Point (MSP) input will change 
the set point register contents. 

lf the TSC827 set point or overrange limits are 
exceeded, the corresponding TSC828 alarm output 
will go to a logic low state and the piezoelectric buzzer 
will be activated. A reset input is provided to disable the 
alarms and the buzzer. 

The TSC828 can also operate as a multidigit 
display driver peripheral in a microprocessor system. 
Data can be output on three separate 3-1/2 digit (1999 
maximum) displays. Alternately, digits can be combined 
to form one or more displays of up to 9-1/2 digits. Two 
data bits, normally used for the A/D converter under- 
range and overrange bits, can control two LCD seg- 
ments under software control. 


Vpisp 


Ai 
PLANE DRIVERS 


| LCD 10 LCD 
SS af SEGMENTS 
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|e | "SEGMENT 
BCD TO 10 LCD 
3 AIL a SEGMENTS 
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TSC828 


In the uP peripheral mode, data is transferred 
from the uP to the TSC828 via a serial interface. Only 
five uP input/output (I/O) pins are required to load all 
three. display registers — 

| Five decimal points or annunciator flags on the 
TSC828 LCD display can be controlled directly by 
digital inputs. LCD drivers for the decimal points are 
included for all three numeric displays (A/D result, low 
set point, and high set point). A separate LCD annun- 
ciator output is also avalable for ierineng segments 
of the display. Ke 

The TSC828 includes an on- chip oscillator. 
The frequency is set by a single resistor..An external 
oscillator can also be used. The LCD refresh rate and 
buzzer frequency are derived from the internal clock. 

The TSC828 typically operates froma single 5 V 
power supply, and can be powered directly from a 


TSC827. LCD drive voltage is normally equal to the. 


supply voltage. However, the drive voltage can be 
adjusted to compensate for LCD display changes with 
~ temperature, if required. | 


THEORY OF OPERATION 


Serial Data Format 


The TSC828 data entry format is shown in 
figure 4. Data is entered in binary coded decimal (BCD) 


format, with the least significant bit of the least signi- _ 
ficant digit clocked in first. The first three digits are — 


complete BCD digits. (value 0 through 9), while the 
fourth (1,000’s) digit is only a O or a 1. The last bits 
clocked in are the overrange and underrange flag bits. 

The internal structure of the shift register, BCD 
to seven segment decoder, and data latch is shown in 
Figure 5. Each 4-bit BCD digit is converted to seven 


segment format and stored in one of the three data 


latches. 


Figure 4. Serial Data Input Format 


The underrange and overrange bits of the shift 
register are only recognized in the Data register. These 
two bits are set automatically when the TSC828 is 
connected to a TSC827, or they can be used as 
programmable annunciators in a uP display driver 
application. 


Serial Interface 


Data is entered into the TSC828 on the serial 
data input (SDI) and clocked in with the serial clock 
input (SCLK). Data is shifted into the TSC828 on the 
rising edge of SCLK. After 15 clock pulses, data is 
transferred to the appropriate display latch and annun- 
ciator registers. | 7 

An end-of-conversion (EOC) pulse enables 
data entry into the A/D results register, unless the ISPL/ 
SPL or ISPH/SPH pins have been pulsed low. If ISPL/ 
SPL or ISPH/SPH are pulsed low, then the next serial 
data transfer will be latched into the low or high set 
point display latch, respectively. : 


Set Point Entry © 


The TSC828 controls set point entry into a 
TSC827 when the ISPL or ISPH inputs are connected 
to logic low. The truth table for set point entry is shown 
in Table 1. When either ISPL or ISPH are low, the 
TSC828 will take control of the TSC827 bidirectional 
ISPL/SPL, ISPH/SPH, MSP/OVR and IN/OUT pins. 
Then the TSC828 Move Set Point (MSP) input can be 
used to modify the set point limit. | 

The MSP input is only active when ISPL or 


ISPH are low. In this case, the connected TSC827 is in 


its set point entry mode and the TSC828 MSP/OVR pin 
is an output which will directly follow the MSP input. 
Thus, each time that MSP is strobed low, MSP/OVR will 
go low and the TSC827 set el limit will be increased 
by one. 
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Figure 5. TSC828 Serial Input Display Format 
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LCD Display Driver 


The TSC828 can control three separate 3-1/2 
digit (1999 Max) LCD displays. When used with a 
TSC827 the maximum value that will be displayed is 
1000, but the full 1999 count is available when the 
TSC828 is used as a uP peripheral. Leading zero 
blanking is provided on all three displays. 

Data is stored in three registers, the High Set 
Point, Low Set Point, and Data Display registers. When 
connected to a TSC827, the correct register is selected 
automatically. To access registers with a uP, see the 
“Stand Alone Operation” section. 


Decimal Points/Display Flags 


The DP/FL1 through DP/FL5 inputs control 
five decimal points or display annunciator flags. Each 
DP/FL LCD bit is repeated on all three 3-1/2 digit 
displays. Connecting a DP/FL input to Vs* turns on the 
three appropriate LCD segments. Leaving an input 
unconnected, or connected to GND, turns the segments 
off. Tne DP/FL inputs have a 1 “A pulldown to GND. 

The DP/FL inputs are completely independent, 
i.e. more than one input can be active at the same time. 
If only asingle fixed decimal point is required, the LCD 
display can be designed to turn on the decimal point 
with the Annunciator output. Then all five DP/FL inputs 
can be used to control display annunciators. 


7-175 


LCD. DISPLAY DRIVER 


WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 


TSC828 


Alarms — 


The TSC828 has three digital alarm outputs 
(SPL, SPH, and OVR). These alarms signal that set 
point limits have been exceeded or that the TSC827 
analog input is overranged. A piezoelectric transducer 
driver (BUZ) is also included for applications where an 
audible alarm is. required. 

Set point limits are not actually stored aiid 


compared within the TSC828. Instead, alarms are 


activated in the TSC828 by decoding the TSC 827 alarm 
outputs. This feature permits the buzzer output to be 
used in a uP application. 

The TSC827 has bidirectional pins for changing 


set points and for alarm outputs. The TSC828 simplifies _ 
the alarm interface by providing separate set point. 
entry inputs and alarm outputs. Also, the sink currentof | 


the TSC828 alarms is greater than the TSC827 alarm 
outputs. The TSC828 alarm sink current versus voltage 
is shown in figure 6. In TSC827 applications, alarm sink 
current will be limited by the TSC827 DGND output. 


Figure 6. TSC828 Alarm Output Sink Current. 
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The SPL and SPH ain are controlled by the 
ISPL/SPL and. ISPH/SPH H inputs, respectively. When 
ISPL/SPL and/or ISPH/SPH are pulled low by the 
TSC827, the corresponding SPL.or SPH output will go 
low, the “low” or “high” LCD segment will go on, and 
the “normal” LCD segment will go off. Since the 
TSC827 set points are independent, it is possible for 
SPL, SPH alarms to be active at the same time. 

The OVR alarm is controlled by the MSP/OVR 
pin, in the same manner as SPL and SPH. However, the 
“OVER” annunciator is controlled by bit 13 of the serial 
data. 


During set point entry, the TSC827 will be in its 
input mode and the TSC828 display will not be 
updated. All three alarms will remain in the state that 
existed when the TSC828 IN/OUT. output went low. 

The Reset Alarm (RALARM) input can be used 
to asynchronously disable the alarm outputs. All outputs 
will goto the high (inactive) state, the buzzer will be off, 
and the “norm” segment of the LCD display will be on. 


APPLICATIONS INFORMATION 


Power 


The TSC828 is designed to operate from a 
single 5 V power supply, applied between the Vg" and 
GND pins. However, the power supply limit extends 
from 4 V to 6 V. Power supply current is typically only 


500 wA, making the TSC828 ideal for battery powered 


applications. Digital logic levels are referred to Vg" and 


-GND. 


The TSC828 can be powered directly from a 


- TSC827, as shown in figure 7. The TSC827 DGND pinis 


an output which provides: a regulated veliege source 
about 5 V below Vs". | 


Figure 7. Powering the TSC828 from a TSC827 


.” Vgt 
P/N 


TSC828 


When using the TSC828 in astand-alone mode 
or as ayP display controller, power is derived from the 
5 V logic supply. A typical connection is shown in figure 
8. 


Clock 


The TSC828 clock frequency is set by a single 
resistor, Rosc, connected between the OSC1 and 
OSC2 pins. A typical value for Rosc is 160 kQ. Agraph 
of oscillator frequency versus Rogc is shown in figure 9. 
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Figure 8. Powering the TSC828 as a uP Display Driver the assignment of the display segments to the back- 
planes and segment drive lines. The backplane drive 
frequency is obtained by dividing the oscillator fre- 
quency by 768. 


Vst 


Figure 10. LCD Display Segment Assignments | 


I 
TSC828 TSC828 LCD 
Pin No. Pad # BP1 BP2 BP3 
a 33 35 BP1 / / 

34 34 / BP2 a 

35 33 / / BP3 

41 32 Annunciator 

Figure 9. Oscillator Frequency 42 31 H-B1 H-C1 / 

45 30 H-A1 H-G1 H-D1 
eae 7 46 29 H-F1 H-E1 | H-P1 
ae Ht 47 s«OB H-B2 H-C2 H-P2 
aoe + 48 87 H-A2 H-G2 H-D2 
oa il 49 26 H-F2 H-E2 / 
a | 50 25 H-B3 H-C3 H-P3 

—= == =a rH 51 24 H-A3 H-G3 H-D3 
=n a 52 23 H-F3 H-E3 / 
mee il 53 22 H-BC4 H-P4 H-P5 
mae 54 21 D-BI D-C1 / 
id 55 20 D-A1 D-G1 D-D1 

56 19 D-F1 D-E1 D-P1 

57 18 D-B2 D-C2 D-P2 

58 17 D-A2 D-G2 D-D2 

The internal oscillator may be bypassed by ee ee ee 2 ee eee 
driving OSC1 with an external signal. OSC2, the —_ 6 BS SPS 
oscillator output, should be left unconnected. The 63 14 D-A3 D-G3 D-D3 
external oscillator signal should swing from GND to 64 13 D-F3 D-E3 / 

Vs". 65 12 D-BC4 D-P4 D-P5 

a aarueirs irra, pera aes = poi 66 14 L-B1 L-C1 / 
ackplane refre e and the buzzer frequency. 

io cataene rate is fogc divided by 768, while the 2 Ue ea 

buzzer frequency Is fos¢/32. For Rosc = 160 kQ, typical 68 9 L-FI L-E' L-P' 

values are fosc = 60 kHz, LCD refresh rate = 78 Hz, and 1 8 L-B2 L-C2 L-P2 

fepuzzeR = 1.8 kHz. 2 7 L-A2 L-G2 L-D2 

. 3 6 L-F2 L-E2 / 
LCD Display 4 5 L-B3 L-C3 L-P3 

The TSC828 drives a triplex (multiplexed 3:1) 5 4 L-A3 L-G3 L-D3 
liquid crystal display with three backplanes. The LCD 6 3 | -F3 ” L-E3 / 
display can include one to three numeric displays, 7 , [-BC4 [-P4.  L-P5 
along with decimal points and underrange, overrange, 

8 1 HI] LOW NORM 


low limit, and high limit annunciators. Figure 10 shows 


7-177 


LCD DISPLAY DRIVER 


WITH 3 INDEPENDENT 3-1/2 DIGIT DISPLAYS 


TSC828 


The TSC828 display font is shown in Figure 11. 
BCD numbers from 0 through 9 are correctly displayed. 
If values greater than 9 are loaded (for example in a uP 
application) all LCD segments will be off. 


Figure 11. TSC828 Display Font 


L. 


* The TSC828 will only display digits 0 through 9. For values 
greater than 9 (i.e. OA, through OF y.), all LCD segments are off. 


Backplane waveforms are shown in Figure 12. 
These appear on outputs BP1, BP2, and BP3. They 
remain the same regardless of the segments being 
driven. 


Figure 12. Backplane Waveforms 


Other display output lines have waveforms that 
vary depending on the displays values. Figure 13 shows 
a set of waveforms for the AGD outputs of one digit for 
several combinations of “on” segments. 


Figure 13. Typical Display Output Waveforms 


LCD Display Source | 


Although most users will design their own 
custom LCD display, a standard display forthe TSC828 | 
is available. Figure 14 shows a display, part No. ST- | 
1322-M1, available from Crystaloid Electronics: 


Crystaloid (USA) 
Crystaloid Electronics 
P O. Box 628 

5282 Hudson Dr. 
Hudson, OH 44238 
Phone: (216) 655-2429 
FAX: (216)655-2176 
Part No.: ST-1322-M1 


Crystaloid (Europe) — 
Rep France 

102, rue des Nouvelles 
F92150 Suresnes 

France 

Phone: 33-1-42 04 29 25 
FAX: 33-1-45 06 46 99 


Annunciator Output 


The annunciator output is a square wave 
running at the backplane frequency (for example, 78 
Hz when fosc = 60 KHZ). The peak-to-peak amplitude 
is equal to (Vs" - Vpisp). Connecting an annunciator of 
the LCD display to the Annunciator output turns it on; 
connecting it to its backplane turns it off. 


LCD Display Drive Voltage (Vpisp) 
_ The peak-to-peak LCD drive voltage is equal to 
(Vs° - Vpisp). For most applications, Vpisp can be 
connected directly to GND. This connection will provide 
a typical LCD drive voltage of 5 Vp.» for either a TSC827 
or a wP power supply source. 7 
For applications with a wide temperature range, 
some LCD displays require that the drive levels vary 
with temperature to maintain good viewing angle and 
display contrast. Figure 15 shows TSC827 circuits that 
can be adjusted to give a temperature compensation of 
about 10mV/°C between Vs* and Vpisp. With the 
addition of a-5V supply or a TSC7660 DC-DC converter, 
these circuits can also be used in uP applications. The 
diode between GND and Vpisp should have a low turn- 


on voltage because Vpisp cannot exceed 0.3 V below | 


GND. 
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Figure 14. TSC828 Typical LCD Display 


HIGH LIMIT 


$cc 


a a 


P4 P3 P2 


Buzzer 


The TSC828 BUZ output will drive a piezo- 
electric audio transducer. The signal is activated when 
one of the alarms (low set point, high set point, or 
overrange) is active. The buzzer and the alarm outputs 
are disabled when the Reset Alarm (RALARM) input is 
connected to GND. 
pono ‘* The BUZ signal swings from Vs* to GND. The 

oa] signal is at GND when the buzzer is not active. The 
TSC827 buzzer frequency is derived from the system clock, and 
is equal to fogc/82. 


VoisP 


Logic Input Pullup/Pulldown 


The TSC828 logic inputs are connected to 
either Vs" or GND by internal current sources. Decimal 
point inputs (DP/FL1-DP/FLS) have 10 vA pulldowns to 
GND. The ISPL, ISPH, and MSP inputs have a 1 wA 
pullup to Vs", while the RALARM input has a 10 wA 
pullup to Vs". 


Applications—lInterface to TSC827 


The TSC827 to TSC828 interface is shown in 
Figure 16. The TSC827 Vs", and DGND pins provide 
power to the TSC828, and also set the logic levels. If the 
TSC827 Vpisp pin is used to temperature-compensate 
the LCD drive, then the TSC828 Vpisp pin should be 
connected to the TSC827 Vpisp pin. 
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Figure 16. Interface Between TSC827 and TSC828 


ISPL/SPL 


: ISPH/SPH 


Data Flow 


, Data entry to the TSCa28 registers is controlled 

by the TSC827. At the end of each A/D conversion, data 
is transferred to the TSC828 A/D data register via the 
serial input. Similarly, set point limits are transferred to 
the TSC828 low set point and high set point registers: 
When set points are modified, however, the TSC827 is 
controlled by the Baer 


Entering Set Points - 


; ‘To modify the Tsca27 iow or high set point 
limits, the ISPL or ISPH input, respectively, is connected 
to GND. The IN/OUT output will go low, putting the 


TSC827 into the set point entry mode. Then, pulses on 


the MSP input can be used to modify the set point limit. 
The truth table for set point entry is shown in Table 1. 


N 
TSC828 


Power Up Sequence 


The TSC827 and TSC828 set point registers. 
can easily be cleared when power is applied. The 
procedure given in the “Entering Set Points” section 
can be used. With ISPL or ISPH selected, a single pulse 
on the MSP input will clear both the TSC827 and 
TSC828 registers. 


Alarms : 
When TSC827 set point limits are exceeded or 


_ the analog input is overranged , the appropriate TSC827 


alarm output (ISPL/SPL, ISPH/SPH, or MSP/OVR) wil 


go low. Then the associated TSC828 alarm output (SPL, 


SPH, or OVR) will go to low. Also, the piezoelectric 
buzzer will turn on and the “low”, “high” or “over” LCD. 
annunciator will turn on. Connecting RALARM to GND 
will disable the buzzer, set all alarm outputs to the high 
(inactive) state, and enable the “normal” annunciator of 
the LCD. | 
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TSC828 Input 


TSC828 


TSC828 Output . 


| MSP ISPL | 1SPH MSP/OVR ISPL/SPL ISPH/SPH IN/OUT 
SO ae a A INPUT INPUT INPUT ft 


Note: X = Don't Care 


Applications—Stand Alone Operation 


The TSC828 can easily be interfaced to a wide 
variety of microprocessors. All logic inputs are CMOS 
compatible, and the serial data input reduces the 
number of uP I/O pins required. The uP can control 
three 3-1/2 displays, decimal point/flags, and the 
piezoelectric buzzer. 

The standard LCD display shown in Figure 14 
is typical for a TSC827 application. When used as a uP 
display driver, however, the TSC828 LCD segments can 
be arranged in any useful order. Annunciators such as 
“overrange” and “underrange”’, for example, can 
changed to any desired message, numeric value, or 
graphical symbol. 


UP Data Entry 


A typical uP interface is shown in Figure 17. The 
BCD-coded data is entered on the SDI input and 
clocked in to the shift register on the rising edge of 
SCLK. After 15 clock pulses, data is transferred to the 
appropriate LCD driver/data latch. 


Figure 17. Typical Interface to uP 


y/o 


TSC828 


Selecting Display Registers 


To load the Data display register, the uP must 
pulse the TSC828 EOC/HOLD input high and then low. 
This action simulates the TSC827 end of conversion 
pulse and selects the TSC828 A/D data register. Data is 
then entered using the serial data format of Figure 4. 
After 15 clock pulses, data will be transferred to the 
Data display register. 

To select the low set point or high set point 
registers, the uP must pulse the ISPL or ISPH input, 
respectively, low and then high. After 15 clock pulses 
on the SCLK input, data will be transferred to the 
appropriate set point register. The EOC input should 
remain in the logic low state when entering data into 
the set point registers. 


Concatenating Displays 


The TSC828 displays can be concatenated to 
produce displays greater than 3-1/2 digits. For example, 
the high set point 3-1/2 digit display can be combined 
with the three least significant digits of the low set point 
display to form a 6-1/2 digit display. In this case, the 
“1000s” digit of the low set point register (B12 of Figure 
5) must be set to a logic high during the serial data 
entry. If this is not done, the zero blanking circuitry will 
blank the low set point display when leading zeros are 
displayed. | 
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Accessing Display Flags | 
| Two LCD display segments can be controlled 


via the serial input. In.a TSC827 application these 
segments are used. for the overrange and underrange 


flags. For stand alone operation, these flags can be 
used for any display purpose. The flags are accessed 
via bits B13 and B14 of the data register. To turn on 
either of these flags, alogic high should be clocked into 
the appropriate bit position when data is entered into 
the data register. 


Table 2. TSC828 Alarm and Buzzer Truth Table 


TSC828 cal ol (Note Me TSC828 Output 


Buzzer 3 = 
The piezoelectric. buzzer can be turned on and 


~ off via the MSP/OVR, ISPL/SPL, or ISPH/SPH bidirec- 


tional pins. These three I/O pins are ORed internally, so 
connecting one or more to GND will turn the buzzer on. 
Connecting all three I/O pins to Vs", or leaving them 


~ unconnected, will turn the buzzer off. The TSC828 


ISPL and ISPH inputs must be in the logic high state for 
the buzzer to operate. Connecting the RALARM input 
to GND will disable the buzzer. The alarm truth table is - 
shown in Table 2. 


Notes: 
1. ISPL & ISPH inputs = Vs 
2. Square wave output, f = fog¢/32 
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TSC7107 
3 1/2 DIGIT A/D CONVERTER 


FEATURES 


m Drives LCD or LED Displays Directly 

m Guaranteed Zero Reading with Zero Input 

m Low Noise for Stable Display 
-2.000 V or 200.0 mV Full-Scale Range 

m Auto-Zero Cycle Eliminates Need for Zero Adjust- 
ment Potentiometer 

m True Polarity Indication for Precision Null Appli- 
cations 

m Convenient 9 V Battery Operation (TSC7106) 

= High Impedance CMOS Differential Inputs . . 1012. 

m= Differential Reference inputs Simplify Ratiometric 
Measurements 

m Low Power Operation ................ 10 mW 


COMMON 
ANODE 


LED 
LCD DISPLAY DISPLAY 


ANALOG 
INPUT 9-01 HF 


TO ANALOG COMMON 'P32) 


3 CONVERSIONS/SEC 
200 mV FULL-SCALE 


TO ANALOG COMMON (P32) 


' 3 CONVERSIONS/SEC 
200 mV FULL-SCALE 


Figure 1: Typical TSC7106 Operating Circuit Figure 2: Typical TSC7017 Operating Circuit 
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GENERAL DESCRIPTION 


The TSC7106 and TSC7107 3-1/2 digit CMOS 
-analog-to-digital converters contain all the active com- 
ponents necessary to construct a 0.05% resolution 
measurement system. Seven segment decoders, po- 
larity and digit drivers, voltage reference and clock 
circuit are integrated on chip. The TSC7106 drives 
liquid crystal displays (LCD) and includes a backplane 
driver. The TSC7107 drives common anode light 
emitting diode (LED) displays directly with an 8 mA 
drive current per segment. | 

A low cost, high resolution indicating meter 
requires only a display, four resistors, and four capa- 
citors. The TSC7106 low power drain and 9 V battery 
operation make it ideal for portable applications. 

The TSC7106/TSC7107 reduces linearity error 
to less than 1 count. Rollover error — the difference in 
readings for equal magnitude but opposite polarity 
input signals — is below +1 count. High impedance 
differential inputs offer 1 pA leakage current anda 10120 
input impedance. The differential reference input allows 
ratiometric measurements for ohms or bridge trans- 
ducer measurements. The 15 uVp_p noise performance 
guarantees a “rock solid” reading. The auto-zero cycle 
guarantees a zero display reading with a zero volt input. 

The TSC7106/TSC7107 dual slope conversion 
technique automatically rejects interference signals if 
the converters integration time is set to a multiple of the 
interference signal period. This is especially useful in 
industrial measurement environments where 50, 60 
and 400 Hz line frequency signals are present. 

The TSC7106/TSC7107 are available in a small 
_ 60-pin flat package for compact designs. Standard 
devices are offered in an industrial temperature range 
and with burn-in lasting for 160 hours at +125°C. 

For applications requiring a more temperature 
stable internal reference voltage refer to the TSC7106A/ 
7107A data sheets. A display hold feature is available on 
the TSC7116A and TSC7117A converters. | 
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Ordering Information 


Part No. 


TSC7106CPL 


TSC7106RCPL 


TSC7106IPL 


TSC7106CJL 


TSC71061JL 


TSC7106CBQ 


TSC7107CPL 
TSC7107RCPL 
TSC7107!PL | 


TSC7107CJL 


TSC71071JL 


TSC7107CBQ 


Package 
40-Pin 
Plastic Dip 
40-Pin 
Plastic Dip 
40-Pin 
Plastic Dip 
40-Pin 
CerDIP 
40-Pin — 
CerDIP 
60-Pin 
Plastic Flat 
Package 


40-Pin 
Plastic Dip 
40-Pin 
Plastic Dip 
40-Pin 
Plastic Dip 
40-Pin 
CerDIP 
40-Pin 
CerDIP 
60-Pin 
Plastic Flat 
Package 


Pin 
Layout 
Normal 
Reverse 


Normal 


Normal 


Normal | 


Formed 
Leads 


Normal 


-. Reverse 


Normal . 


Normal 


Normal 


Formed 
Leads 


Temp. Display 
Range Drive 
ae 
en. 2oo 
ae . LCD 
ae 
ee LCD 
ee 
ae 
ges LED 
seca LED 
ae 
ee LED 
isn LED 


Devices with Burn-In (160 Hours at +125°C) 


TSC7106CPL/BI 
TSCHOBRCELJEN 
TSC7106IJL/BI 
TSC7107CPL/BI 
TSC7107RCPL/BI 


TSC71071JL/BI 
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40-Pin 
Plastic Dip 
40-Pin 
Plastic Dip 
40-Pin 
CerDIP 
40-Pin 
Plastic Dip 
40-Pin 
Plastic Dip 
40-Pin 
CerDIP 


Normal 


Reverse 


Normal 


Normal 


Reverse 


Normal - 


0°C to 


+70°C © 
~ . 0°C to 


+70°C 
-25°C to 
+85°C 
0°C to 
+70°C 
0°C to 
+70°C 
-25°C to 
+85°C 


LCD 
LCD 
LCD 
LED 
LED 


LED 
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Pin Configuration 


NORMAL 
PIN CONFIGURATION 


TSC7107 


100’s 


TSC7106CLW 
TSC7107CLW 
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COMMON 


TSC7106 
TSC7107 


REVERSE 
PIN CONFIGURATION 


“We 


TSC7106R 


TSC7107R 


TSC7106CKW 


TSC7107CKW 
(FLAT PACKAGE) 


TSC7106 


Pin Cenfiguration (Continued) 


ae 


TSC7106CBQ 


NOTES: 

1.NC=NO INTERNAL CONNECTION - 

2. PINS-8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY Vt. NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 


Absolute Maximum Ratings 


TSC7106 
Supply Voltage (V'toV) ...... cece cece ce ceeeeeees 15V 
Analog Input Voltage (either input) (Note 1) V" to V 
Reference Input Voltage (either input) .......... V* to VU 
Clock Input ............08e minis Sins Segenneh mies Test to V* 
‘Power Dissipation (Note 2) 
CerbiP Package: ovccsinecannesd beeseeekee 1000 mW | 
PlaStic:-PACKAgGe: asnccwenkcatadaue nea eee enes 800 mW 
. Operating Temperature 
"CO DOVICES? aais2 seu Col ebe als oaecamee nage 0°C to +70°C 
"h  DOVICOS. fects ease eer e knee -25°C to +85°C 
Storage Temperature ................. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300° C 


Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 
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30} Dg 
}29} &2 
28} Fo 
Ag 
Bg 
. Co 
ae sh 
; SUB 
TSC7107CBQ 7 
D2 
Ey 
G 
Fy 
Ay 
By 
NOTES: 
1. NC = NO INTERNAL CONNECTION 
2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS iS 
APPROXIMATELY V+. NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 
TSC7107 
Supply Voltage 
| ae ter eer re emer ere eer he wo ee ee ee +6 V 
FE he i a eee teeth Sikiad atin aot aguante -9V 
Analog Input Voltage (either input) (Note 1) Vv" to V™ 
Reference Input Voltage (either input) buedaaecke V" to V" 
CROCK NOU sara s.c wave eared e tare soe wlon ne oanks GND to V* 
Power Dissipation (Note 1) | 
CerDIiP Package: 5 ict jais eeeer ea aaaeesas 1000 mW 
PlaStic PaCKaGS:. su iwiesaas acta nailevaea ns 800 mW 
Operating Temperature 
SG DOVICOS: 22)4.1'5 neo pau. ae ane Aes . 0°C to +70°C 
“ES DOVICES vac ia dant abesace< ernie -25°C to +85°C 
Storage Temperature ..............05. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300°C | 


in the operational sections of the specifications is not implied. Exposure to. 
Absolute Maximum Rating Conditions for extended periods may effect device ' 
reliability. 
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Electrical Characteristics (Note 3) 


CHARACTERISTICS 


Zero Input Reading 


Ratiometric Reading 


Rollover Error (Difference in 


Reading for Equal Positive and __ 
Negative Reading Near Full-Scale) 


Linearity (Max. Deviation From 
Best Straight Line Fit) 


Common-Mode 
Rejection Ratio (Note 4) 


Noise (Pk - Pk Value Not 
Exceeded 95% of Time) 


Leakage Current @ Input 


Zero Reading Drift 


Scale Factor 
Temperature Coefficient 


Supply Current (Does Not 
Include LED Current for 7107) 


Analog Common Voltage (With 
Respect to Pos. Supply) 


Temp. Coeff. of Analog common 
(With Respect to Pos. Supply) 


TSC7106 ONLY Pk - Pk 
Segment Drive Voltage (Note 5) 


TSC7106 ONLY Pk - Pk 
Backplane Drive Voltage (Note 5) 


TSC7107 ONLY 
Segment Sinking Current 
(Except Pin 19) 


TSC7107 ONLY 
Segment Sinking Current 
(Pin 19 Only) 


CONDITIONS 


Vin = 0.0 V 
Full-Scale = 200.0 mV 


VIN = VREF 
Vrer = 100 mV 


-ViIN = +Vin = 200.0 mV 


Full-Scale = 200 mV 
or Full-Scale = 2.000 V 
Vom = +1V, Vin=OV. 
Full-Scale = 200.0 mV 


Vin=OV 

Full-Scale = 200.0 mV 
VIN=OV 

Vin =0OV 

“C” Device = 0°C to 70°C 
Vin =OV 

“I” Device = -25°C to +85°C 
Vin = 199.0 mV, 


“C” Device = 0°C to 70°C 
(Ext. Ref = 0 ppm/°C) 

Vin = 199.0 mV 

“I” Device: -25°C to +85°C 


Vin =0 


25 kN Between Common 
and Pos. Supply 


25 kX. Between Common 
and Pos. Supply 


V tov =9V 
VtoV =9V 
v*=5.0V 


Segment Voltage = 3 V 


*=5.0V 
Segment Voltage = 3 V 


MIN 


-000.0 


999 


24 


10 


TYP 


+000.0 


999/1000 


+0.2 


0.2 
1.0 


16 


TSC7106 
TSC7107 


MAX UNIT 
+000.0 Digital Reading 
1000 Digital Reading 
+4 Counts 
+1 Counts 
—_ wV/V 
= pV 
10 pA 

1 0 
pV/°C 

2 

5 ppm/°C 
20 ppm/°C 
1.8 mA 
3.2 V 
_ ppm/°C 
6 V 
6 V 
— mA 
— mA 


NOTES: 


1. Input voltages may exceed the supply voltages provided the input currentis - 


limited to + 100 yA. 


2. Dissipation rating assumes device is mounted with all leads soldered to 


printed circuit board. 


3. Unless other wise noted, specifications apply to both the TSC7106 and 
TSC7107 at Ta = 25°C, foLock = 48 kHz. TSC7106 is tested in the circuit of 
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Figure 1. TSC7107 is tested in the circuit of Figure 2. 


4. Refer to “Differential Input” discussion. 


5. Backplane drive is in phase with segment drive for ‘off’ segment, 180° out of 
phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 


de component is less than 50 mV. 
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40-Pin DIP 
Pin Number 
Normal (Reverse) 
1 (40) 
20 (39) 
3 (38) 
4 (37) 
5 (36) 
6 (35) 
7 (34) 
8 (33) 
9 (32) 
10 (31) 
11 (30) 
12 (29) 
13 (28) 
14 (27) 
15 (26) 
16 (25) 
17 (24) 
18 (23) 
19 (22) 
20 (21) 
21 (20) 
22 (19) 
23 (18) 
24 (17) 
25 (16) 
26 (15) 
27 (14) 
28 (13) 
29 (12) 
30 (11) 
31 (10) 
32 (9) 
33 (8) 
34 (7) 
35 (8) 


60-Pin 
Flat Package 
Pin Number 


Name 


VIN 
VIN 
Analog 
Common 


CREF 
+ 
CREF 


VREF 


Description 

Positive supply voltage. 

Activates the D section of the units display. 
Activates the C section of the units display. 
Activates the B section of the units display. 
Activates the A section of the units display. 
Activates the F section of the units display. 
Activates the G section of the units display. 
Activates the E section of the units display. 
Activates the D section of the tens display. 
Activates the C section of the tens display. 
Activates the B section of the tens display. 
Activates the A section of the tens display. 
Activates the F section of the tens display. 
Activates the E section of the tens display. 
Activates the D section of the hundreds display. 
Activates the B section of the hundreds display. 
Activates the F section of the hundreds display. 
Activates the E section of the hundreds display. 
Activates both halves of the 1 in the thousands display. 
Activates the negative polarity display. 


TSC7106: LCD Backplane drive output. 
TSC7107: Digital Ground. 


Activates the G section of the hundreds display. 


' Activates the A section of the hundreds display. 


Activates the C section of the hundreds display. 
Activates the G section of the tens display. 
Negative power supply voltage. 


Integrator output. Connection point for integration capacitor. See : 
INTEGRATING CAPACITOR section for additional details. 


Integration resistor connection. Use a 47 kf for a 200 mV full-scale 
range and a 470 kO for 2 V full-scale range. 


The size of the auto-zero capacitor influences the system noise. Use a. 


' 0.47 wF capacitor for a 200 mV full-scale, and a 0.047 uF capacitor ‘on a 


2 volt full-scale. See paragraph on AUTO-ZERO CAPACITOR for 
more details. 


The analog low input is connected to this pin. 
The analog high input signal is connected to this pin. 


This pin is primarily used to set the analog common-mode voltage for 
battery operation or in systems where the input signal is referenced to the 
power supply. See paragraph on ANALOG COMM for more details. It also 
acts as a reference voltage source. 


See pin 34. 


A 0.1 uF capacitor is used in most applications. If a large common-mode 
voltage exists (for example the Vin pin is not at analog common), and 

a 200 mV scale is used, a 1.0 uF is recommended and will hold the 
rollover error to 0.5 count. 


See pin 36. 
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Pin Description (Cont.) 


TSC7106 
TSC7107 


40-Pin DIP 60-Pin 
Pin Number Flat Package 
Normal (Reverse) Pin Number Name __ Description 

36 (5) 1 VREF The analog input required to generate a full-scale output (1,999 
counts). Place 100 mV between pins 35 and 36 for 199.9 mV full-scale. 
Place 1.00 volts between pins 35 and 36 for 2 voits full-scale. See para- 

| graph on REFERENCE VOLTAGE. 

37 (4) 3 Test Lamp test. When pulled high (to V ) all segments will be turned on and 
the display should read -1888. It may also be used as a negative supply for 
externally generated decimal points. See paragraph under TEST for additional 

information. 

38 (3) 4 OSC3 = See pin 40. 

39 (2) 6 OSC2 See pin 40. 

40 (1) 10 OSC1 Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock 


(3 readings per section) connect pin 40 to the junction of a 100 kN resistor and 
a 100 pF capacitor. The 100 kf resistor is tied to pin 39 and the 100 pF capacitor 
is tied to pin 38. 


Analog Section 


Figure 3 shows the Block Diagram of the Analog Section for 
the TSC7106 and TSC7107. Each measurement cycle is 
divided into three phases. They are (1) auto-zero (A-Z), (2) 
signal integrate (INT) and (3) reference (REF). 


Auto-Zero Phase 

Input high and low are disconnected from the pins and inter- 
nally shorted to analog common. The reference capacitor is 
charged to the reference voltage. A feedback loop is closed 
around the system to charge the auto-zero capacitor Caz to 
compensate for offset voltages in the buffer amplifier, inte- 
grator, and comparator. Since the comparator is included in 
the loop, the A-Z accuracy is limited only by the noise of the 
system. The offset referred to the input is less than 10 ywV. 


Signal Integrate Phase 

The auto-zero loop is opened, the internal short is removed, 
and the internal input high and low are connected to the 
external pins. The converter then integrates the differential 
voltage between Vin and Vin for afixed time. This differential 
voltage can be within a wide common-mode range; within 
one volt of either supply. If, on the other hand, the input sig- 
nal has no return with respect to the converter power supply, 
Vin can be tied to analog common to establish the correct 
common-mode voltage. At the end of this phase, the polarity 
of the integrated signal is determined. 


Reference Integrate Phase 

The final phase is reference integrate or de-integrate. Input 
low is internally connected to analog common and input high 
is connected across the previously charged reference capa- 
citor. Circuitry within the chip ensures that the capacitor will 
be connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input. signal. The digital 


reading displayed is: 


1000 x —VIN_ 


VREF 


Differential Reference 

The reference voltage can be generated anywhere within the 
power supply voltage of the converter. The main source of 
common-mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capa- 
citance on its nodes. If there is a large common-mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal but lose charge 
(decrease voltage) when called up to deintegrate a negative 
input signal. This difference in reference for (+) or (-) input 
voltage will give a roll-over error. By selecting the reference 
capacitor large enough in comparison to the stray capaci- 
tance, this error can be held to less than 0.5 count for the worse 
case condition. (See Component Values Selection.) 


Differential Input 

The input can accept differential voltages anywhere within 
the common-mode range of the input amplifier; or specifi- 
cally from 1.0 volts below the positive supply to 1.0 volt above 
the negative supply. In this range the system has a CMRR of 
86 dB typical. However, since the integrator also swings with 
the common-mode voltage, care must be exercised to assure 
the integrator output does not saturate. A worse case condi- 
tion would be a large positive common-mode voltage with a 
near full-scale negative differential input voltage. The nega- 
tive input signal drives the integrator positive when most of 
its swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced to less than the recommended 2 V full-scale 
swing with little loss of accuracy. The integrator output can 
swing within 0.3 volts of either supply without loss of linearity. 
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Y CREF 


Y 33 


6<) A/Z & DE(+) 


Figure 3: Analog Section of TSC7106/TSC7107 © 


Analog Common 

This pin is included primarily to set the common-mode volt- 
age for battery operation (TSC7106) or forany system where 
the input signals are floating with respect to the power sup- 


ply. The common pin sets a voltage that is approximately 2.8 


volts more negative than the positive supply. This is selected 
to give a minimum end-of-life battery voltage of about 6 V. 
However, the analog common has some of the attributes of 
a reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7 V), the common 
voltage will have a low voltage coefficient (0.001%/%), low 
output impedance (=15 9), anda temperature coefficient of 
80 ppm/°C typically. | 


| An external reference may be added to improve temperature 

stability or the TSC7106A/TSC7107A devices with lower 
analog common temperature drift may be used. The circuit i is 
shown in Figure 4. 


vt 


ae e 
TSC7106A TSC7106A ._, a 
"TSC7107A 


| TSC7107A VREF TSC9491CJ. 


ve 12M 
REF REFERENCE 


COMMON 


Figure 4: Using an External! Reference 


3 1/2 DIGIT A/D CONVERTER 


VBUF 


TSC7106 
TSC7107 


INTEGRATOR 


TO 
i DIGITAL 
SECTION 
OX) 


COMPARATOR 


“Analog common is also used as the Vin return during auto- 


zero and deintegrate. If ViN is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CMRR of the converter. However, in 
some applications Vin will be set at a fixed known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same point, thus 
removing the common-mode voltage from the converter. 
The same holds true for the reference voltage. If reference 
can be conveniently referenced to analog common, it should 
be since this removes the common- -mode voltage from the 
reference system. 


Within the IC, analog common is tied to an N-channel FET 
that can sink 30 mA or more of current to hold the voitage 
2.8 volts below the positive supply (when a load is trying to 
pull the common line positive). However, there is only 10 vA 
of source current, so common may easily be tied to a more 
negative voltage thus over-riding the internal reference. 


Test | | | 
The TEST pin serves two functions. On the TSC7107 it is 


coupled to the internally generated digital supply through 


a 500 © resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in- 
clude on the LCD display. Figures 5 and 6 show such an 
application. No more than a 1mA load should be applied. 


The second function is a “lamp test.” When TEST is pulled 
high (to V. *) all segments will be turned on and the display 
should read -1888. The TEST pin will peak about 10 mA under 
these conditions. 


Caution: On the TSC7106, in the icra test mode the seg- 


ments have a constant dc voltage (no square-wave) and may 
burn the LCD display if left in this mode for several minutes. 
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TSC7106 


"- 
TSC7106 


TOLCO 
DECIMAL 


POINT 
SELECT POINTS 


DECIMAL 


TO 
COUNTER 


I 
| 
{ 
| 
| 
| 
| 
| 
| 


CRYSTAL 


EXTERNAL 


OSCILLATOR RC NETWORK 


TO TEST PIN ON TSC7106 
TO GROUND PIN ON TSC7107 


Figure 7: Clock Circuits 


Digital Section 


Figures 8 and 9 show the digital section for the TSC7106 and 
TSC7107, respectively. In the TSC7106 (Figure 8), an inter- 
nal digital ground is generated from a 6 volt Zener diode and 
a large P channel source follower. This supply is made stiff to 
absorb the large capacitive currents when the back plane 
(BP) voltage is switched. The BP frequency is the clock 
frequency divided by 800. For three readings/second this is 
a 60 Hz square wave with a nominal amplitude of 5 volts. The 
segments are driven at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 
ON. In all cases, negligible dc voltage exists across the 
segments. 


TSC7106 
TSC7107 


Figure 9 is the Digital Section of the TSC7107. It is identical 
to the TSC7106 except that the regulated supply and back 
plane drive have been eliminated and the segment drive is 
typically 8 mA. The 1000 output (pin 19) sinks current from 
two LED segments, and has a 16 mA drive capability. The 
TSC7107 is designed to drive common anode LEDs. 


In both devices, the polarity indication is “on” for negative 
analog inputs. If Vin and VIN are reversed, this indication can 
be reversed also, if desired. 


System Timing 

Figure 9 shows the clocking method used in the TSC7106 
and TSC7107. Three clocking methods may be used: 

1. An external oscillator connected to pin 40. 

2. Acrystal between pins 39 and 40. 

3. An RC oscillator using all three pins. 


The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 to 2000 counts) and 
auto-zero (1000 to 3000 counts). For signals less than full- 
scale auto-zero gets the unused portion of reference 
de-integrate. This makes a complete measure cycle of 4,000 
(16,000 clock pulses) independent of input voltage. For three 
readings/second, an oscillator frequency of 48 kHz would be 
used. | 


To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre- 
quencies of 240 kHz, 120 KHz, 80 KHz, 60 kHz, 48 kHz, 40 kHz, 
33-1/3 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings/second) will reject both 50 and 60 Hz (also 400 and 
440 Hz). 


Component Value Selection 


Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence on 
the noise of the system. For 200 mV full-scale where noise 
is very important, a 0.47 wF capacitor is recommended. On 
the 2 volt scale, a 0.047 uF capacitor increase the speed of 
recovery from overload and .is adequate for noise on this 
scale. 


Reference Capacitor 

A 0.1 uF capacitor is acceptable in most applications. How- 
ever, where a large common-mode voltage exists (i.e. the VIN 
pin is not at analog common) and a 200 mV scale is used, a 
large value is required to prevent to roll-over error. Generally 
1.0 uF will hold the roll-over error to 0.5 count in this instance. 


Integrating Capacitor 

The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from either 
supply). In the TSC7106 or the TSC7107, when the analog 
common is used as a reference, a nominal +2 volt full-scale 
integrator swing is acceptable. For the TSC7107 with +5 volt 
supplies and analog common tied to supply ground, a+3.5 to 
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Figure 8: "TSC7106 Digital Section 
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Figure 9: TSC7107 Digital Section 
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+4 volt swing is nominal. For three readings/second (48 kHz 
clock) nominal values for Cint are 0.22 w1F and 0.10 uF, 
respectively. If different oscillator frequencies are used, 
these values should be changed in inverse proportion to 
maintain the output swing. 


The integrating capacitor must have low dielectric absorp- 
tion to prevent roll-overerrors. Polypropylene capacitors are 
recommended for this application. | 


Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 100 wA of quiescent current. They can 
supply 20 wA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain 
in this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2 volt full-scale, 470 kQ is near 
optimum and similarly a 47 kQ for a 200.0 mV scale. 


Oscillator Components 

For all ranges of frequency a 100 kQ resistor is recom- 

mended and the capacitor is selected from the equation 

¢ = 49. For 48 kHz clock (3 readings/second), C = 100 pF. 
RC 


Reference Voltage | 

The analog input required to generate full-scale output 
(200 counts) is: VIN=2 Vref. Thus, forthe 200.0 mV and 2.000 
volt scale, VRer should equal 100.0 mV and 1.00 volt respec- 
tively. However, in many applications where the A/D is 
connected to a transducer, there will exist a scale factor other 
than unity between the input voltage and the digital reading. 
For instance, in a weighing system, the designer might like to 
have a full-scale reading when the voltage form the trans- 
ducer is 0.682 V. Instead of dividing the input down to 
200.0 mV, the designer should use the input voltage directly 
and select VrerF = 0.341 V. Suitable values for integrating 
resistor and capacitor would be 120 kf. and 0.22 uF. This 
makes the system slightly quieter and also avoids a divider 
network on the input. The TSC7107 with +5 V supplies can 
accept input signals up to +4 V. Another advantage of this 
system occurs when a digital reading of zero is desired for VIN 
# 0. Temperature and weighing systems with a variable tare 
are examples. This offset reading can be conveniently 
generated by connecting the voltage transducer between 
Vin and common and the variable (or fixed) offset voltage 
between common and Vin. 


TSC7107 Power Supplies 

The TSC7107 is designed to work from +5 V supplies. How- 
ever, if a negative supply is not available, it can be generated 
from the clock output with two diodes, two capacitors and an 
inexpensive IC. Figure 10 shows this application. 


In selected applications no negative supply is required. The 

conditions to use a single +5 V supply are: 

® The input signal can be referenced to the center of the 
common-mode range of the converter. 

® The signal is less than +1.5 volts. 

@ An external reference is used. 


TSC7106 
TSC7107 


Figure 10: Generating Negative Supply From + 5V 


Typical Applications 


TOPIN 1 


sohFt00K2,,, 
390 J 
100pF 
36 : SET V 100.0mV 
37 LJ REF = 100.0m 
x 


36 [J 


1K&2 22K2 
33 (I 
“—“~ 
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29] 
28 1} 
27) 
6 
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0.22uF 


2] 
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221] 
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TO DISPLAY 


Figure 11: TSC7106 Using the Internal Reference. (200 
mV Full-Scale, 3 RPS). 
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Figure 12: TSC7107 Internal Reference (200 mV Full- 
Scale, 3 RPS, VinTied to GND for Single 
Ended Inputs). 
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Figure 13: Circuit for Developing Underrange and 
Overrange Signals from TSC7106 Outputs. 
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Figure 14: TSC7107 With a 1.2 V External Band-Gap 
Reference. Vin Tied to Common). 


Applications Information 


The TSC7107 sinks the LED display current and this causes 
heat to build up in the IC package. If the internal voltage 
_ reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 
dissipation such variations can be reduced. By reducing the 
LED common anode voltage the TSC7107 package power 
dissipation is reduced. 


Figure 17isa photograph of a curve-tracer display showing 


the relationship between output current and output voltage 
for a typical TSC7107CPL. Since a typical LED has 1.8 volts 
across it at 8 mA, and its common anode is connected to 
+5 V, the TSC7107 output is at 3.2 V (point A on Fig. 17). 
Maximum power dissipation i is 8.1 MAX3.2 V X24 segments 
= 622 mW. 


3 1/2 DIGIT A/D CONVERTER 
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Figure 15: TSC7106/TSC7107: Recommended Com- 
| ponent Values for 2.00 V Full- Scale. 
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Figure 16: TSC7107 Operated from Single +5.V Supply. 
_ An External Reference Must Be Used in This 
_ Application. 


Notice, however, that once the TSC7107 output voitage is 
above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B of Figure 17) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
mA X 2.2 V X 24 = 385 mW). 


Reduced power dissipation is very easy to obtain. Fig. 18 
shows two ways: either a 5.1 ohm, 1/4 watt resistor ora 1 Amp 
diode placed in series with the display (but not in series with 
the TSC7107). The resistor will reduce the TSC7107 output 
voltage, when all 24 segments are “ON,” to point “C” of Fig. 
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17. When segments turn off, the output voltage will increase. 
The diode, on the other hand, will result ina relatively steady 
output voltage, around point “B.” 

In addition to limiting maximum power dissipation, the resis- 
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer 
segments are “ON,” each “ON” output drops more voltage 
and current. For the best case of six segments (a “111” dis- 
play) to worst case (a “1888” display) the resistor circuit will 


IV 2V 3V 4V BV] ' 


Figure 17: TSC7107 Output Current vs Output Voltage 


Package Information 


40-Pin Plastic Dual-In-Line Package 
(Package #17) 


roa 2.050 (51.816) 


0.540 (13.716) 
NOM. 
160 925 
060 (1.542) TYP, 
—| |+—" 5.002 (0.051) (4.064) (0.635) 


—L Typ, 
= oe 
0 205 oo 1025) 
We 
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(2.54) ‘ 
.070 .018 (0.457) MIN. (16, on 
(1.778)  .020 (0.508) 
TYP. YP, 


V4 40 


40-Pin CerDIP 
(Package #20) 


.610 
BEND i 6007" 
0.040 45° wax, | LL i Aas 
7 20 21 0.008 
Eee 
0.090 MIN. | 0.480 


0.100 


0.020 
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change about 230 mW, while acircuit without the resistor will 
change about 470 mW. Therefore, the resistor will reduce the 
effect of display dissipation on reference voltage drift by 
about 50%. 


The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de- 
signer, diode may be used instead of the resistor. 


Figure 18: Diode or Resistor Limits Package Power 
Dissipation 


60-Pin Flat Package 


PIN 1 INDICATION 
DIMPLE OR BUTTON 


“SQ” Package - Unformed Leads 
(Package #22) 


.054 + .004 
2 15° MAX 


.047 + .004 


.050 + .006 .010 MIN 


“BQ” Package - Formed Leads 
(Package #21) 


Notes -_ 
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FEATURES 


m Internal Reference with Low 

Temperature Drift .......... 20 ppm/°C Typical 
50 ppm/°C Maximum 

m Drives LCD or LED Displays Directly 

m Guaranteed Zero Reading with Zero Input 

m Low Noise for Stable Display 

m Auto-Zero Cycle Eliminates Need for Zero Adjust- 
ment 

m True Polarity Indication for Precision Null Appli- 
cations 

m Convenient 9 V Battery Operation (TSC7106A) © 

High Impedance CMOS Differential Inputs . . 1012.Q 

m Differential Reference Inputs Simplify Ratiometric 
Measurements 

m Low Power Operation ................ 10 mW 

m Available in 60-Pin Plastic Flat Package 


COMMON 
ANODE 


LED 
LCD DISPLAY A R DISPLAY 


~ TSC7106A TSC7107A 
+ + 
VREF VREF 


VREF VREF 


vo i 
osc; | OSC, OSCz «OSC 


TO ANALOG TO ANALOG 
COMMON (P32) COMMON (P32) 


3 CONVERSIONS/SEC 3 CONVERSIONS/SEC 
200 mV FULL-SCALE 200 mV FULL-SCALE 


Figure 1: Typical TSC7106A Operating Circuit Figure 2: Typical TSC7017A Operating Circuit 
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TSC7106A 
TSCTIOTA 


GENERAL DESCRIPTION 


The TSC7106A and TSC7107A 3-1/2 digit direct 
display drive analog-to-digital converters allow existing 
7106/7107 based systems to be upgraded. Each device 
offers a precision internal voltage reference featuring a 
20 ppm/° C typical, 50 ppm/° C maximum temperature 
drift coefficient. This represents a 4 to.7 times im- 
provement over similar 3 1/2 digit converters. Existing 
7106 or 7107 based systems may be upgraded without 
changing external passive component values. The 
need for a costly, space consuming external reference 
is removed. The TSC7107A drives common anode light 
emitting diode (LED) displays directly with an 8 mA 
drive current per segment. A low cost, high resolution 
indicating meter requires only a display, four resistors, 
and four capacitors. The TSC7106A low power drain 
and 9 V battery operation make it suitable for portable 

applications. : | | . . 

The TSC7106A/TSC7107A reduces linearity 
error to less than 1 count. Rollover error — the 
difference.in readings for equal magnitude but opposite 
polarity input signals — is below +1 count. High 
impedance differential inputs offer 1 pA leakage current 
anda 1012 input impedance. The differential reference 
input allows ratiometric measurements for ohms or 
bridge transducer measurements. The 15 uVp_p noise 
performance guarantees a “rock solid” reading. The 
auto-zero cycle guarantees a zero display reading with 
a zero volt input. 

~The TSC7106A/TSC7107A dual slope conver- 
sion technique automatically rejects interference signals 
if the converters integration time is set to a multiple of 
_ the interference signal period. This is especially useful 
in industrial measurement environments where 50, 60 
and 400 Hz line frequency signals are present. 

The TSC7106A/TSC7107A are available in a 
small 60-pin flat package for compact designs. DIP 
devices are offered in an industrial temperature range 
and with burn-in lasting for 160 hours at +125°C. - 

Where long battery life is needed see the 
TSC7126 or the TSC7126A data sheets. 
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Part No. 


TSC7106ACPL 
TSC7I06ARCPL 
TSC7I06AIJL 
rscrivsacea : 


TSC7106ACKW 
TSC71 O6ACLW 
TSC7107ACPL 

TSC7107ARCPL 


TSC7107AIJL 
TSC7107ACBQ 


TSC7107ACKW 


TSC7107ACLW 


_ Ordering Information 


Package 
40-Pin 
Plastic Dip 
40-Pin 


Plastic Dip | 


40-Pin 
CerDIP 


60-Pin 


Plastic Flat 


Package ... 


‘44-Pin - 


Plastic Flat 
44-Pin 
PLCC 
40-Pin 
Plastic Dip 
40-Pin - 
Plastic Dip 
40-Pin 
CerDIP 
60-Pin 
Plastic Flat 
Package 
44-Pin 
Plastic Flat 
44-Pin 
PLCC © 


Devices with Burn-In (160 Hours at +125°C) 


TSC7106ACPL/BI 
TSC7107ACPL/BI 


TSC7107AIJL/Bl 
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40-Pin 
Plastic Dip 
40-Pin 
Plastic Dip 
40-Pin 
CerDIP 


Narva i 10 
— +70°C 
- 0°C to 
Normal | +70°C 
Normal “25°C to 


+85°C 


Pin’ .. Temp. Display 
Layout ~ Range Drive 
0°C to . 
Normal +70°C LCD 
0°C to . 
Heverse 470°C LCD 
| -=25°C to 
Normal 485°C LCD 
Formed 0°C to 
Leads _ +70°C ECE 
Formed —0°C to LCD 
Leads +70°C 
0°C to LCD 
+70°C 
0°C to 
Normal +70°C LED 
0°C to 
Reverse +70°C LED 
—.  =25°C to 
pouel . “485°C LED 
Formed 0°C to 
Leads +70°C FEM 
Formed 0°C to . 
Leads +70°C aa 
_ Oto eH 
+70°C | 


~ LCD 


LED 


LED 
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Pin Configuration 


NORMAL 
PIN CONFIGURATION 


“"- 


TSC7106A 
TSC7107A 


(MINUS SIGN) 


TSC7106ACLW 
TSC7107ACLW 


(7106A/7107A) (7106A/7107A) 
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TSC7106A 
TSC7107A 


REVERSE 
PIN CONFIGURATION 


"~~ 
TSC7106AR 
TSC7107AR 


(MINUS SIGN) 


TSC7106ACKW 
TSC7107ACKW 
(FLAT PACKAGE) 


TSC7106A 
TSC7107A 


"~ 


TSC7106A 


Notes: 

1.NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53-ARE CONNECTED TO THE DIE SUBSTRATE. THE 
POTENTIAL AT THESE PINS !S APPROXIMATELY V™: NO EXTERNAL 
CONNECTIONS SHOULD BE MADE. 


Absolute Maximum Ratings 


TSC7106A | 
Supply Voltage (V'toV)) oo... ccc c cece cea eaeeeeeaes 15V 
Analog Input Voltage (either input) (Note 1) Ve to Vv 
Reference Input Voltage (either input) .......... VT tov" 
ClOCK IN DUE ctcpee hontatek eae Ae eNews cali Test to V™ 
Power Dissipation (Note 2) | me 
CerDIP Package ................. Paankecagkes 1000 mW 
Plastic Package ........ co re re Mreeades 800 mw 
Operating Temperature | , 
 IDEVICCS 255 eas tawdee mnie eta eee tea 0°C to +70°C 
“I” DeviceS 2.0... ccc eee e cece ea eaee -25°C to +85°C 
Storage Temperature ................. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300°C 


Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional! 
_ operation of the device at these or any other conditions above those indicated 
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"~ 


TSC7107A 


Notes: : 

1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE 

. POTENTIAL AT THESE PINS IS APPROXIMATELY V" . NO EXTERNAL 
CONNECTIONS SHOULD BE MADE. 


TSC7107A 
Supply Voltage 
Va ae ee eee sale eanee a tactonekes +6 V 
Ve Maatesiaees Aide dace nun dkige gad ecuel's aie Sareea eas -9V 
Analog Input Voltage (either input) (Note 1) V toV 
Reference Input Voltage (either input) .......... V* to V_ 
Clock Input ......... ere ere rae GND to Vv" 
Power Dissipation (Note 2) ; 
CerDIP Package ......:........ 0c eee eee 1000 mW 
PIAStC (PACKAQG ib ce core cata eed saws eK owes 800 mW 
Operating Temperature 7 
“C” Devices ..... ee eee wee. OPC to +70°C 
ME OVICOS ieearea Cah Neles cay an kaecess , -25°C to +85°C 
Storage Temperature ................. -65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300° C 


in the operational sections of the specifications is not implied. Exposure to. 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 
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TSC7106A 
TSC7107A 


Electrical Characteristics (Note 3) 


CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT 
Zero Input Reading Bee sen ats 000.0 +000.0 +000.0 Digital Reading 
; : : Vin = VREF Sule p 
Ratiometric Reading VaEF = 100 mV 999 999/1000 1000 Digital Reading 

Rollover Error (Difference in 
Reading for Equal Positive and -VIN = +Vin = 200.0 mV -1 +0.2 +1 Counts 
Negative Reading Near Full-Scale) 
Linearity (Max. Deviation From Full-Scale = 200 mV _ + 
Best Straight Line Fit) or Full-Scale = 2.000 V ! We Counts 
Common-Mode Vom = +1 V, Vin =0 V. = 50 _ V/V 
Rejection Ratio (Note 4) Full-Scale = 200.0 mV . 
Noise (Pk - Pk Value Not Vin=OV _ 15 _ V 
Exceeded 95% of Time) Full-Scale = 200.0 mV . 
Leakage Current @ Input Vin=OV — 1 10 pA 

VIN=OV © | 
Zero Reading Drift re aa C to 70°C = 0.2 : uV/°C 

“I” Device = -25°C to +85°C — 1.0 2 

Vin = 199.0 mV, 

“C” Device = 0°C to 70°C 1 5 ppm/°C 
FRE ae Coefficient (Ext. Ref = 0 ppm/°C) 

Vin = 199.0 mV — — 20 ppm/°C 

“I” Device: -25°C to +85°C 
Supply Current (Does Not = _ 
Include LED Current for TSC7107A) VINS='9 O86 ie me 
Analog Common Voltage (With 25 kN Between Common E 7 3.05 3.35 V 
Respect to Pos. Supply) and Pos. Supply ; 

25 kf. Between Common 
Temp. Coeff. of Analog Common and Pos. Supply 

Oo°C < Tas 70°C — 20 50 ppm/°C 
(With Respect to Pos. Supply) “C,” Commercial Temp. 

Range Devices 

25 kf. Between Common 
Temp. Coeff. of Analog Common and Pos. Supply 

-25°C < Ta < 85°C — — 75 ppm/°C 
(with Respect to Pos. Supply) “1,” Industrial Temp. 

Range Devices 
TSC7106A ONLY Pk - Pk * ape 
Segment Drive Voltage (Note 5) wit Sey : ° ° . 
TSC7106A ONLY Pk - Pk + - 

= 6 V 

Backplane Drive Voltage (Note 5) uO ee ‘ 
TSC7107A ONLY vi =50V é 
Segment Sinking Current = 5 8.0 — m 
(Except Pin 19) Segment Voltage = 3 V 
TSC7107A ONLY vt =50V 
Segment Sinking Current " 10 16 — mA 


(Pin 19 Only) 


Segment Voltage = 3 V 


PS si SSS SSS SSS PRR NSS SS SN 


NOTES: 


1. Input voltages may exceed the supply voltages provided the input current is 


limited to + 100 pA. 


2. Dissipation rating assumes device is mounted with all leads soldered to 


printed circuit board. 


4. Refer to “Differential Input” discussion. 


3. Unless other wise noted, specifications apply to both the TSC7106A and 
TSC7107A at Ta = 25°C, focLock = 48 kHz. TSC7106A is tested in the circuit 
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of Figure 1. TSC7107A is tested in the circuit of Figure 2. 


5. Backplane drive is in phase with segment drive for ‘off’ segment, 180° out of 
phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
dc component is less than 50 mV. 
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Pin Description 


40-Pin DIP 60-Pin 
~ Pin Number - Flat Package 
Normal (Reverse) Pin Number Name Description 
1 (40) 13 Vv" Positive supply voltage. 
2 (39) 14 D1 Activates the D section of the units display. 
3 (38) 15 Ci Activates the C section of the units display. 
4 (37) 16 Bi Activates the B section of the units display. 
5 (36) : 17 Ai Activates the A section of the units display. 
6 (35) 18 Fy Activates the F section of the units display. 
7 (34) 19 Gy Activates the G section of the units display. 
8 (33) 20 Ey Activates the E section of the units display. 
9 (32) 21 D2 Activates the D section of the tens display. 
10 (31) | 25 C2 Activates the C section of the tens display. 
11 (30) 26 Be Activates the B section of the tens display. 
12 . (29) 27 A2 Activates the A section of the tens display. 
13 (28): 28 . Fo Activates the F section of the tens display. 
14, (27) 29 Ea Activates the E section of the tens display. 
15 (26) 30 — Ds Activates the D section of the hundreds display. 
16 (25) 31 B3 Activates the B section of the hundreds display. 
17 (24) 32 | Fs Activates the F section of the hundreds display. 
18 (23) 33 | E3 Activates the E section of the hundreds display. 
19 (22) 34 ABa Activates both halves of the 1 in the thousands display. 
20 (21) 35 POL Activates the negative polarity display. 
24 (20) 36 BP TSC7106A: LCD Backplane drive output. 
GND ~~ _TSC7107A: Digital Ground. 
22 (19) 37 G3 Activates the G section of the hundreds display. 
23 (18) 40 A3 Activates the A section of the hundreds display. 
24 (17) 41 C3 Activates the C section of the hundreds display. 
25 (16) 43 Ge Activates the G section of the tens display. 
26 (15) 45 va Negative power supply voitage. 
27 (14) 46 Vint Integrator output. Connection point for integration capacitor. See 
a : INTEGRATING CAPACITOR section for additional details. 
28 (13) 47 VeurF Integration resistor connection. Use a 47 kQ for a 200 mV full-scale 
range and a 470 kf for 2 V full-scale range. 
29 (12) 49 Caz The size of the auto-zero capacitor influences the system noise. Use a 
0.47 uF capacitor for a 200 mV full-scale, and a 0.047 uF capacitor for a 
2 volt full-scale. See paragraph on AUTO-ZERO CAPACITOR for 
more details. . . 
- 30 (11) 51 VIN The analog low input is connected to this pin. 
31 (10) 59° VIN The analog high input signal is connected to this pin. 
320 —C«; (9) 57 Analog This pin is primarily used to set the analog common-mode voltage for 
Common battery operation or in systems where the input signal is referenced to the 
power supply. See paragraph on ANALOG COMMON for more details. It also 
er acts as a reference voltage source. 
33 (8) 58 Crer See pin 34. | 
34. (7) 59 CREF 0.1 uF capacitor is used in most applications. If a large common-mode 
voltage exists (for example the Vin pin is not at analog common), and 
a 200 mV scale is. used, a 1.0 uF is recommended and will hold the 
rollover error to 0.5 count. 
35 (6) 60 VREF See pin 36. 
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Pin Description (Cont.) 


40-Pin DIP 60-Pin 
Pin Number Flat Package 
Normal (Reverse) Pin Number 

36 (5) 1 

37 (4) 3 

38 (3) 4 

39 (2) 6 

40 (1) 10 


TSC7106ACLW 
TSC7107ACLW 


Name 


+ 
VREF 


Test 


OSC3 
OSC2 
OSC 


TSC7106A 
TSC7107A 


Description 


The analog input required to generate a full-scale output (1,999 
counts). Place 100 mV between pins 35 and 36 for 199.9 mV full-scale. 
Place 1.00 volts between pins 35 and 36 for 2 volts full-scale. See para- 
graph on REFERENCE VOLTAGE. 


Lamp test. When pulled high (to Vv’) all segments will be turned on and 

the display should read -1888. It may also be used as a negative supply for 
externally generated decimal points. See paragraph under TEST for additional 
information. 


See pin 40. 
See pin 40. 


Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock | 

(3 readings per section) connect pin 40 to the junction of a 100 kO resistor and 
a 100 pF capacitor. The 100 kN resistor is tied to pin 39 and the 100 pF capacitor 
is tied to pin 38. 


TSC7106ACKW 
TSC7107ACKW 
(FLAT PACKAGE) 
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TSC7106A 
TSC7I07A 


General Theory of Operation 
Dual Slope Conversion Principles 


The TSC7106A and TSC7107A are dual slope, integrating - 
analog-to-digital converters. An understanding of the dual — 


slope conversion technique will aid in fothewing the detailed 
operation theory. 


The conventional dual slope converter measurement cycle 
has two distinct phases: 


e Fladut Signal Integration 
®@ Reference Voltage Integration (Deintegration) 


The input signal being converted is integrated for a fixed time 
period (Tsi). Time is measured by counting clock pulses. An 
opposite polarity constant. reference voltage is then inte- 


grated until the integrator output voltage returns to zero. The. 


reference integration time is directly proportional to the input 
signal (Tri). (Figure 3A). 


In a simple dual slope converter a complete conversion re- 
quires the integrator output to “ramp-up” and “ramp-down.” 


ANALOG 
INPUT O-———~—-O 
SIGNAL 


L- 


CONTROL 
| LOGIC 


a Vin ~ VEULLSCALE 
Vin © 1/2 VeULLSCALE 


SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 


INTEGRATOR OUTPUT 


Figure 3A: Basic Dual Slope Converter 
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A simple mathematical equation relates the iaput signal, 


reference voltage and. integration time: 
Ts! 
VrTri 


1 funioa = 
RC RC 


0 


where: 


Vr = Reference Voltage 
Tsi = signal Integration Time (Fixed) 
Tri = Reference Voltage Integration Time (Variable) 


For a constant VIN: 


Vin = VR 
— Tsi 

The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they 
are stable during a measurement cycle. An inherent bene- 
fit is noise immunity. Noise spikes are integrated or 
averaged to zero during the integration periods. Integra- 
ting ADCs are immune to the large conversion errors that 
plague successive approximation converters in high noise 


environments. Interfering signals with frequency compo- 


nents at multiples of the averaging period will be atten- 
uated. Integrating ADCs commonly operate with the 
signal integration period set to a multiple of the 50/60 Hz 
power line Perle’: (Figure 3B) : 


(oo) 
ac 
2 
fe) 
- 
oO 
Ww 
—“ 
uJ 
c 
wi 
[a) 
Oo 
= 
a) 
4 
= 
cc 
io) 
2 


INPUT FREQUENCY 


Figure 3B: Normal-Mode Rejection of Dual Slope 
Converter 
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PRODUCT INFORMATION 


Analog Section 


In addition to the basic signal integrate and deintegrate 
cycles discussed, the circuit incorporates an auto-zero cycle. 
This cycle removes buffer amplifier, integrator, and com- 
parator offset voltage error terms from the conversion. Atrue 
digital zero reading results without external adjusting poten- 
tiometers. Acomplete conversion consists of three cycles: an 
auto-zero, signal integrate and reference integrate cycle. 


Auto-Zero Cycle 


During the auto-zero cycle the differential input signal is 
disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero input condition. Additional ana- 
log gates close a feedback loop around the integrator and 
comparator. This loop permits comparator offset voltage 
error compensation. The voltage level established on Caz 
compensates for device offset voltages. The. offset error 
referred to the input is less than 10 pV. 


The auto-zero cycle length is 1000 to 3000 counts. 


Signal Integrate Cycle 


The auto-zero loop is opened, the internal differential inputs 
connect to Vin and Vin. The differential input signal is inte- 
grated for a fixed time period. The signal integration period is 
1000 counts. The externally set clock frequency is divided by 
four before clocking the internal counters. The integration 
time period is: 
Tsi= 4 _ x 1000 
fosc 


where: 
fosc = External Clock Frequency 


The differential input voltage must be within the device 
common-mode range (1 V of either supply) when the con- 
verter and measured system share the same power supply 
common (ground). If the converter and measured system do 
not share the same power supply common, Vin should be tied 
to analog common. 


Polarity is determined at the end of signal integrate signal 
phase. The sign bit is a true polarity indication in that signals 
less than 1 LSB are correctly determined. This allows preci- 
sion null detection limited only by device noise and auto-zero 
residual offsets. . 


Reference Integrate Cycle 


The final phase is reference integrate or de-integrate. VIN is 
internally connected to analog common and Vin is con- 
nected across the previously charged reference capacitor. 
Circuitry within the chip ensures that the capacitor will be 
connected with the correct polarity to cause the integrator 
Output to return to zero. The time required for the output to 
return to zero is proportional to the input signal and is be- 
tween 0 and 2000 counts. The digital reading displayed is: 


1000 X _VIN_ 
VREF 


TSC7106A 
TSC7107A 


Digital Section (TSC7106A) 


The TSC7106A (Figure 5) contains all the segment drivers 
necessary to directly drive a 3 1/2 digit liquid crystal display 
(LCD). An LCD backplane driver is included. The backplane 
frequency is the external clock frequency divided by 800. For 
three conversions/second the backplane frequency is 60 Hz 
with a 5 V nominal amplitude. When a segment driver is in 
phase with the backplane signal the segment is “OFF.” An out 
of phase segment drive signal causes the segment to be “ON” 
or visible. This AC drive configuration results in negligible 
DC voltage across each LCD segment. This insures long LCD 
display life. The polarity segment driver is “ON” for negative 
analog inputs. If VIN and Vin are reversed this indicator would 
reverse. 


On the TSC7106A when the test pin is pulled to v" all seg- 
ments are turned “ON.” The display reads -1888. During this 
mode the LCD segments have a constant DC voltage im- 
pressed. Do not leave the display in this mode for more than 
several minutes. LCD displays may be destroyed if operated 
with DC levels for extended periods. 


The display FONT and the segment drive assignment are 
shown in Figure 6. 


1000' 100’ 10’ 1" 
eas ee es 


DISPLAY FONT 


g1e34ssiea9 |-l @ 8 8 


Figure 6: Display FONT and Segment Assignment 


In the TSC7106A an internal digital ground is generated from 
a 6 volt zener diode and a large P channel source follower. 
This supply is made stiff to absorb the large capacitive cur- 
rents when the backplane voltage is switched. 


Digital Section (TSC7107A) 


Figure 7 shows the TSC7107A. Itis identical to the TSC7106A 
except that the regulated supply and back plane drive have 
been eliminated and the segment drive is typically 8 mA. The 
1000 output (pin 19) sinks current from two LED segments, 
and has a 16 mA drive capability. The TSC7107A is designed 
to drive common anode LEDs. 


In both devices, the polarity indication is “on” for negative 
analog inputs. If Vin and VIN are reversed, this indication can 
be reversed also, if desired. 


The display font is the same as the TSC7106A. 
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TSC7106A 
TSC7107A 


System Timing | | 
The oscillator frequency is divided by 4 prior to clocking the 
internal decade counters. The three phase measurementcycle 
takes a total of 4000 counts or 16000 clock pulses. The 4000 
count cycle is independent of input signal magnitude. 
_ Each phase of the measurement cycle has the following 
length: — 
®@ Auto- Zero Phase: 1000 to 3000 Counts 
| (4000 to 12000 Clock Pulses) 

For signals less than full-scale the auto-zero phase is 

assigned the unused reference integrate time period. 
® Signal Integrate: 1000 Counts 

(4000 Clock Pulses) 
This time period is fixed. The integration period is: 


Ts; = 4000 ts 
fosc 


_ Where fosc is the externally set clock frequency. 


®@ Reference Integrate: 0 to 2000 Counts 
(0 to 8000 Clock Pulses) 


The TSC7106A/7107A are drop replacements for the 7106/ 
7107 parts. External component value changes are not re- 
quired to benefit from the low drift internal reference. 


Clock Circuit 


Three clocking methods may be used: . 
1. An external oscillator connected to pin 40. 
2. A crystal between pins 39 and 40. 

3. An R-C oscillator using all three pins. 


y /\NS 
TSC7106A/TSC7107A 


TO 
COUNTER 


' 
{ 
4 
| 
| 
| 
| 
| 
| 


CRYSTAL 


EXTERNAL 


OSCILLATOR RO NETWORK 


TO TEST PIN ON TSC7106A 
TO GROUND PIN ON TSC7107A 


Figure 8: Clock Circuits 
Component Value Selection 


Auto-Zero Capacitor - Caz 


The Caz capacitor size has some influence on system noise. 
A 0.47 uF capacitor is recommended for 200. mV full-scale 
applications where 1 LSB is 100 wV. A 0.047 uF capacitor is 
adequate for 2.0 V full-scale applications. A mylar type die- 
lectric capacitor is adequate. 
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Reference Voltage Capacitor - Crer 


The reference voltage used to ramp the integrator output 
voltage back to zero during the reference integrate cycle is. 
stored on Crer. A 0.1 uF capacitor is acceptable when Vin is 
tied to analog common. If a large common-mode voltage 
exists (VREF # analog common) and the application requires 
a 200 mV full-scale increase Crer to 1.0 uF. Rollover error will 
be held to less than 0.5 count. A mylar type dielectric capaci- 
tor is adequate. 


Integrating Capacitor - Cint 


Cint should be selected to maximize integrator output vol- 
tage swing without causing output saturation. Due to the 
TSC7106A/7107A superior analog common temperature 
coefficient specification, analog common will normally 
supply the differential voltage reference. For this case a +2 V 
full-scale integrator output swing’is satisfactory. For 3 read- 
ings/second (fosc = 48 kHz) a 0.22 uF value is suggested. Ifa 
different oscillator frequency is used Cint must be changed 
in inverse proportion to maintain the nominal +2V integrator 
swing. 


An exact expression for CinT is: 


1 V 
(4000) ( Goro) 
Cnr ee RINT | 
VINT 
Where: 


fosc = Clock frequency at Pin 38 

Ves = Full-scale input voltage 

RinT = Integrating resistor 

ViING = Desired fuil-scaie integrator output swing 


Cint must have low dielectric absorption to minimize rollover 
error. An inexpensive polypropylene capacitor is recom- 
mended. 


Integrating Resistor - RINT 


The input buffer amplifier and integrator are designed with 
class A output stages.: The output stage idling current is 
100 wA. The integrator and buffer can supply 20 yA drive 
currents with negligible linearity errors. Rint: is chosen to 
remain in the output stage linear drive region but not so large 
that printed circuit board leakage currents induce errors. For 
a 200 mV full-scale Rint is 47 kX. A 2.0 V full- scale requires 
470 kQ. 


oan Nominal Full-Scale Voltage _ 
Value | 200.0 mV | 2.000 V 
Caz 0.47. FE 0.047 pF 
RINT 47 kO 470 kO 
CINT Se 0.22 uF 0.22 uF 
Note: + 4 


1. fosc = 48 kHz (3 readings/sec) 
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Oscillator Components 


Rosc (Pin 40 to Pin 39) should be 100 kf. Cosc is selected 
from the equation: 


0.45 
RC 


fosc = 


For fosc of 48 kHz, Cosc is 100 pF nominally. 


Note that fosc is divided by four to generate the TSC7106A 
internal contro! clock. The backplane drive signal is derived 
by dividing fosc by 800. . 


To achieve maximum rejection of 60 Hz noise pickup, the 
signal integrate period should be a multiple of 60 Hz. Oscilla- 
tor frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 40 kHz, 
33 1/3 kHz, etc. should be selected. For 50 Hz rejection, oscil- 
lator frequencies of 200 kHz, 100 kHz, 66 2/3 kHz, 50 kHz, 
40 kHz, etc. would be suitable. Note that 40 kHz (2.5 readings/ 
second) will reject both 50 and 60 Hz (also 400 and 440 Hz). 


Reference Voltage Selection 


A full-scale reading (2000 counts) requires the input signal 
be twice the reference voltage. 


Required Full-Scale Voltage” VREF 
200.0 mV 100.0 mV 
2.000 V 1.000 V 


* Ves = 2 VREF 


In some applications a scale factor other than unity may exist 
between a transducer output voltage and the required digital 
reading. Assume, for example, a pressure transducer output 
is 400 mV for 2000 Ib/in2. Rather. than dividing the input vol- 
tage by two the reference voltage should be set to 200 mV. 
This permits the transducer input to be used directly. 


The differential reference can also be used when a digital 
zero reading is required when Vin is not equal to zero. This is 
common in temperature measuring instrumentation. A 


TSC7106A 
TSC7107A 


compensating offset voltage can be applied between analog 
common and Vin. The transducer output is connected 
between Vin and analog common. 


The internal voltage reference potential available at analog 
common will normally be used to supply the converters 
reference. This potential is stable whenever the supply po- 
tential is greater than approximately 7 V. In applications 
where an externally generated reference voltage is desired 
refer to Figure 9. 


i 


+ it 
VREF 


4 VREF “> 


i" 


TSC9491CJ 


TSC7106A 


TSC7106A 
TSC7107A VREF 


“TSC7107A 


1.2V 
REFERENCE 


Figure 9: External Reference 


Device Pin Functional Description 
Differential Signal Inputs 
(Vin (Pin 31), Vin (Pin 30)) 


The TSC7106A/TSC7107A is designed with true differential 
inputs and accepts input signals within the input stage 
common mode voltage range (Vcm). The typical range is a 
-1.0 to V +1 V. Common-mode voltages are removed from 
the system when the TSC7106A/TSC7107A operates from a 
battery or floating power source (isolated from measured 
system) and VIN is connected to analog common (Vcom): See 
Figure 10. 


SEGMENT LCD DISPLAY 
DRIV 


MEASURED VBUF = Caz VINT 


SYSTEM rs 
VIN 
yt 


~ 
i GN 
a aes 
yoy GND 


POWER SOURCE 


VIN 
ANALOG 


oa. TSC7106A 


COMMON VREF VREF vt 


Figure 10: Common-Mode Voltage Removed in Battery Operation with Vin = Analog Common 
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Differential Signal Inputs (Cont.) 

In systems where common-mode voitages exist the 86 dB 
common-mode rejection ratio minimizes ‘error. Common- 
mode voltages do, however, affect the integrator output level. 
Integrator output saturation must be prevented. A worse case 
condition exists if a large positive Vcm exists in conjunction 
with a full-scale negative differential signal. The negative 
signal drives the integrator output positive along with Vcm 
(Figure 11). For such applications the integrator output swing 
can be reduced below the recommended 2.0 V full-scale 
swing. The integrator output will swing within 0.3 V of Vor 
V without increasing linearity errors. 


INPUT 
BUFFER 


un 
viz [Vom - Yin] 
1G, [vem ~ Vin 
where: 


= _ 4000 
T, = INTEGRATION TIME = Tose 


C, = INTEGRATING CAPACITOR 
R, = INTEGRATING RESISTOR 


Figure 11: Common-Mode Voltage Reduces Available 
Integrator Swing. (Vcom # Vin) 


Differential Reference 
+ 4 2 , 
(VREF.(Pin 36), VREF (Pin 39)) 
The reference voltage can be generated anywhere within the 
V* to V™ power supply range. 


To prevent rollover type errors being induced by large 
common-mode voltages Crer should be large compared to 
stray node capacitance. 


The TSC7106A/TSC7107A circuits havea significantly lower 
analog common temperature coefficient. This potential gives 
a very stable voltage suitable for use as a voltage reference. 

The temperature coefficient of analog commonis 20 ppm/° C 


typically. 
Analog Common (Pin 32) 


The analog common pin is set at a voltage potential approxi- 
mately 3.0 V below V". The potential is guaranteed to be 
between 2.7 V and 3.35 V below V’. Analog common is tied 
internally to an N channel FET capable of sinking 30 mA. This 
FET will hold the common line at 3.0 V should an external 
load attempt to pull the common line toward v. Analog 
common source current is limited to 10 uA. Analog common 


is therefore easily pulled to a more negative voltage (i.e., | 


below V" -3.0 V). 
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The TSC7106A connects the internal Vin and Vin inputs to. 
analog common during the auto-zero cycle. During the 
reference integrate phase Vin is connected to analog com- 
mon. If Vin is not externally connected to analog common, a 
common-mode voltage exists. This is rejected by the con- 
verters 86 dB common-mode rejection ratio. In battery 
operation analog common and Vin are usually connected 
removing common-mode voltage concerns. In systems 
where VIN is connected to the power supply ground or toa 
given vollage, analog common should be connected to VIN. 


The analog common pin serves to set the analog section 
reference or common point. The TSC7106A is specificially 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float). with 


respect to the Jseort O6A power source. The analog common 


potential of Vv" -3.0V gives a6 V end of battery life voltage. 
The common potential has a 0.001%/% i coefficient 


_ and 15 2 output impedance. 


With sufficiently high total supply voltage wv -V >7.0 v) 
analog common is a very stable potential with excellent 
temperature stability — typically 20 ppm/°C. This potential | 


can be used to generate the reference voltage. An external 


voltage reference will be unnecessary in most cases because 
of the 50 ppm/°C maximum temperature coefficient. See 
Internal Voltage Reference discussion. 


Test (Pin 37) 


The test pin potential is 5 V less than. V". Test may be used as 
the negative power supply connection for external CMOS 
logic. The test pin is tied tothe internally generated negative 
logic supply (Internal Logic Ground) through a500 O resistor 
in the TSC7106A. The test pin load should be no more than 
1 mA. 


If. test i is pulled Rik toV' all segments plus the minussign will 
be activated. Do not operate in this mode for. more than 
several minutes with the TSC7106A. With Test = V" the LCD 
Segments are impressed with a DC voltage which will destroy | 
the LCD. 


The test pin will sink about 10 mA when pulled to v 


‘Internal Voltage Reference Stability 


The analog common voltage termperature stability has been 
significantly improved (Figure 12). The “A” version of the 


_ industry standard circuits allow users to upgrade old systems 


and design new systems without external voltage references. 


External R and C values do not need to be changed. Figure 13 


shows analog common supplying the necessary voltage 
reference.for the TSC7106A/TSC7107A. 
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NO 
MAXIMUN 
SPECIFIED 


MAXIMUM 
SPECIFIED 
MAX. LIMIT 


rc--c- 


TYPICAL | 


30 TSC 
7106A 


Figure 12: Analog Common Temperature Coefficient 


TEMPERATURE COEFFICIENT (ppm/°C) 


~ 
TSC7106A 


+ 
VREF 
TSC7107A 


SET Vrer = 1/2 VEULL SCALE 


Figure 13: Internal Voltage Reference Connection 


TSC7107A Power Supplies 


The TSC7107A is designed to work from +5 V supplies. 
However, if a negative supply is not available, it can be gene- 
rated from the clock output with two diodes, two capacitors 
and an inexpensive IC. Figure 13 shows this application. 


In selected applications a negative supply is not required. 

The conditions to use a single +5 V supply are: 

@® The input signal can be referenced to the center of the 
common-mode range of the converter. 

® The signal is less than +1.5 volts. 

@ An external reference is used. 


TSC7106A 
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Figure 14: Generating Negative Supply From +5 V 


The TSC7660 DC to DC converter may also be used to gene- 
rate -5 V from +5 V (Figure 15). 


TSC7107A 


*3% DIGIT ADC 


Figure 15: Negative Power Supply Generation with 
TSC7660. 
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TSC7107 Power Dissipation Reduction 


The TSC7107A sinks the LED display current and this.causes . 
heat to build up in the IC package. If the internal voltage | 


reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 


dissipation such variations can be reduced. By reducing the . 


LED common anode voltage the TSC7107A package power 
dissipation is reduced. 


Figure 16 is a photograph of a curve-trace display SHOWING 


the relationship between output current and output voltage | 


for a typical TSC7107CPL. Since a typical LED has 1.8 volts 
across it at 7 mA, and its common anode is connected to +5 V, 
the TSC7107A output is at 3.2 V (point A on Figure 15). Maxi- 
mum power dissipation is 8.1 mA X 3.2 V X 24 segments = 
622 mW. 


Notice, however, that once the TSC7107A output voltage is 
above two volts, the LED current is essentially constant. as 
output voltage increases. Reducing the output voitage by 
0.7 V (point B of Figure 15) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
MA X 2.2 V X 24 = 385 mW). 


1V 2V 3V 4V 5V) 


Figure 16: TSC7107A Output Current vs Output 
Voltage | 


Reduced power dissipation is very easy to Sbtain: Fig. 17 
shows two ways: eithera 5.1 ohm, 1/4 watt resistor ora 1 Amp 
diode placed in series with the display (but not in series with 
the TSC7107A). The resistor will reduce the TSC7107A out- 
put voltage, when all 24 segments are “ON,” to point “C” of 
Fig. 16. When segments turn off, the output voltage will 
increase. The diode, on the other hand, will result in a rela- 
tively steady output voltage, around point “B.” 


In addition to limiting maximum power dissipation, the resis- 
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer seg- 
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ments are “ON,” each “ON” output drops more voltage and 


current. For the best case of six segments (a “111” display) to 
worst case’ (a “1888” display) the resistor will change about 
230 mW, while a circuit without the resistor will change about 
470 mW. Therefore, the resistor will reduce the effect of dis- 
play dissipation on reference voltage drift by about 50%. 


The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de- 
signer, a diode may be used instead of the resistor. 


oo) TSC7107A 


5.12 /4W DISPLAY 


Figure 17: Diode or Resistor Limits Package. Power 
Dissipation. 


Applications Information 
Liquid Crystal Display Sources 


Several LCD manufacturers supply standard LCD dlsstave to 
interface with the TOOTING 3 1/2 digit analog-to-digital 
converter. 


Representative. 
Part Numbers! 


C5335, H5535, 
T5135, SX440 


Manufacturer Address/Phone 


5282 Hudson Dr., 
Hudson, OH 44236 
216/655-2429 


AND 770 Airport Blvd., FE 0801 
Burlingame, CA 94010 FE 0203 
415/347-9916 


Crystaloid 
Electronics 


EPSON 3415 Kashikawa St., LD-B709BZ 
Torrance, CA 90505 LD-H7992AZ 
213/534-0360 

Hamlin, Inc. 612 E. Lake St., 3902, 3933, 3903 
Lake Mills, WI 53551 
414/648-2361 

Note: 


1. Contact LCD manufacturer for full product listing/specifications. 
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Light Emitting Diode Display Sources 


Several LED manufacturers supply seven segment digits with 
and without decimal point annunciators for the TSC7107A. 


Display 

Manufacturer Address Type 
Hewlett 

Packard 640 Page Mill Rd. LED 
Components Palo Alto, CA 94304 

, 19000 Homestead Rd. 

Litronix, INC. Cupertino, CA 94010 LEP 
And 770 Airport Blvd. LED 


Burlingame, CA 94010 


Decimal Point and Annunciator Drive 


The test pin is connected to the internaily-generated digital 
logic supply ground through a 500 2 resistor. The test pin 
may be used as the negative supply for external CMOS gate 
segment drivers. LCD display annunciators for decimal 
points, low battery indication, or function indication may be 
added without adding an additional supply. No more than 
1 mA should be supplied by the test pin. The test pin potential 
is approximately 5 V below v". 


Ratiometric Resistance Measurements 


The true differential input and differential reference make 
ratiometric readings possible. Typically in a ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined refer- 
ence voltage is needed. 


The unknown resistance is put in series with a known stan- 
dard and a Current passed through the pair. The voltage 
developed across the unknown is applied to the input and the 
voltage across the known resistor applied to the reference 
input. If the unknown equals the standard, the display will 
read 1000. The displayed reading can be determined from the 
following expression: 


R Unknown x 1000 


R Standard 
The display will overrange for R Unknown 2 2 xR Standard. 


Displayed Reading = 
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“" 
TSC7106A 


© BACK PLANE 


Simple Inverter for Fixed Decimal Point 
or Display Annunciator 


"~ 
TSC7106A 


Multiple Decimal Point or 
Annunciator Driver 


Figure 18: Decimal Point Drive Using Test as Logic . 
Ground. 


LCD DISPLAY 


Figure 19: Low Parts Count Ratiometric Resistance 
Measurement 
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Application Circuits 


co] as TSC7106A 


+ 
VREF 


VREF 


ANALOG 
COMMON 


of 
VIN 


com Ci = 3—10 pF VARIABLE, 
C2 = 132 pF VARIABLE 


LCD DISPLAY 


Figure 20: 3 1/2 Digit True RMS AC DMM 


~ aks _ a i we 
TSC7106A Sia TSC7106A 


0.7 %/°C - 
Ves =20V PTC 
R3 


Figure 21: Temperature Sensor | Figure 22: Positive Temperature Coefficient Resistor 
Temperature Sensor 
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Application Circuits (Cont.) 


CONSTANT 5 V 


a 


TSC9495 


TSC7106A 


TEMPERATURE 
DEPENDANT 
OUTPUT 


Figure 23: Integrated Circuit Temperature Sensor 


TO PIN 1 TO PIN 1 


401] 


40 {_ 
39 TL 


38 [ 
3710 SET Vreg = 100.0mV 


36 (J a 


350 | 
oy 1K2Q 22KQ 
we oe 

tsc7106a Ey dee 
314 
OX Leas 
29 LL) 
28 
271 


26 
251 


100pF 


0.47uFIT 47KQ 


0.22uF 


398 | 


381) 100pF 


7 SET Vaer = 100.0mV 
~ 


360 | 


3 
: ‘<7 ~ a 
Me 330 | 
A 


Tsc7107A 32 LJ : 1MQ 
‘ 


310] 
307 
290 J 
28f 


27 
0.22uF 
26{_] f 


.O1pF 


0.47nF I a7Ka 


240 
23f | 
22T | 
217) TO BACKPLANE 


250) 
2410] 
Y 
TO DISPLAY 237] Toor 
221] 


Figure 24: TSC7106A Using the Internal Reference. Figure 25: TSC7107A Internal Reference (200 mV Full- 
(200 mV Full-Scale, 3 RPS). Scale, 3 RPS, Vin Tied to GND for Single 
Ended Inputs). 
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Application Circuits (Cont.) 


TO PIN 1 


OR iooKe,,, | 
= = 100pF 
370) SET Vrer = 1.000V 
36 [ a 
‘: 
. = 25KQ = - 24K. me 
ge 30 


32 
Tsc7106a Sy mo 


TSC7107A 31 
30 a OTuF 
oT) 


TO LOGIC Vec 


ae. 


TSC7106A 


O47uF 1Y 470KQ 


2 
O/RANGE 28 
27 


26 0.22uF tt. 


25 

24] 

23 FF TO DISPLAY 
221] 


21] 


OR 74C10 


CD4077 


Figure 27: TSC7106A/TSC7107A: Recommended 
Component Values for 2.00 V Full-Scale. | 


Figure 26: Circuit for Developing Underrange and 
Overrange Signals from TSC7106A 
Outputs. | 


TOPIN1 


TO PIN 1 
401 


390] 


4 SE a 
397 J = ; 


38 00eF 


371 | SET Veer = 100.0mV 


360] | 
350} AAA AAA @ AAA 
348] 10KQ 


PANN 

: = 1.2V a) TSC9491CJ 
Tsc7107a : 
ot | ns , 
.O1LF 

30[] 2 
297] 
28] 


27] 
0.220F 
26 P}o22# 


21] , 
2417) 

23 TO DISPLAY 
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217 
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O 
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O 


0.47uF 47KQ 


Figure 28: TSC7107A With a 1.2 V External Band-Gap 


Reference. Vin Tied to Common). 


380 | 
370 J 
36% | 


290 J 
28] 


Used in 
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Figure 29: TSC7107A Operated from Single +5 V 
Supply. An External Reference Must Be 


This Application... 
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FEATURES 


LCD DISPLAY 


TO ANALOG COMMON 


P32 
3 CONVERSIONS/SEC nee 


Display Hold Function 

Drives LCD or LED Displays Directly 

Guaranteed Zero Reading with Zero Input 

Low Noise for Stable Display 

-2.000 V or 200.0 mV Full-Scale Range 
Auto-Zero Cycle Eliminates Need for Zero Adjust- 
ment Potentiometer | 

True Polarity Indication for Precision Null Appli- 
cations | 

Convenient 9 V Battery Operation (TSC7116) 
High Impedance CMOS Differential Inputs . . 1012 
Low Power Operation ................ 10 mW 


COMMON 
ANODE 
DISPLAY 


2~—19 
22-25 


TO ANALOG COMMON 
'3conversions/sec _—(P32) 


Figure 1: Typical TSC7116 Operating Circuit Figure 2: Typical TSC7117 Operating Circuit 


7-217 


TSC7116 
TSC7117 


GENERAL DESCRIPTION 


The TSC7116 and TSC7117 3-1/2 digit CMOS 
analog-to-digital converters contain all the active com- 
ponents necessary to construct a 0.05% resolution 
measurement system. Seven segment decoders, po- 


larity and digit drivers, voltage reference and clock. 


circuit are integrated on chip. The TSC7116 drives 
liquid crystal displays (LCD) and includes a backplane 


driver. The TSC7117 drives common anode light emitting | 


diode (LED) displays directly with an 8 mA drive 
current per segment. 33 | 

The TSC7116/TSC7117 incorporates the dis- 
play hold (HLDR) function. The displayed reading will 


remain indefinitely as long as HLDR is held high. 
Conversions continue..but the output data display 
latches are not updated. The Vref or reference low 


input is not available as it is with the TSC7106/TSC7107. 
Vrer is tied internally to analog common in the 
TSC7116/TSC7117 devices. 

A low cost, high resolution indicating meter 
requires only a display, four resistors, and four capa- 
citors. The TSC7116 low power drain and 9 V battery 
operation make it ideal for portable applications. 

The TSC7116/TSC7117 reduce linearity error 
to less than 1 count. Rollover error — the difference in 
readings for equal magnitude but opposite polarity 
input signals — is below +1 count. High impedance 
differential inputs offer 1 pA leakage current and a 10!2 
Q input impedance. The 15 uVp_p noise performance 
guarantees a “rock solid” reading. The auto-zero cycle 
guarantees a zero display reading with a zero volt input. 

The TSC7116/TSC7117 dual slope conversion 
technique automatically rejects interference signals if 
the converters integration time is set to a multiple of the 
interference signal period. This is especially useful in 
industrial measurement environments where 50, 60 
and 400 Hz line frequency signals are present. 

The TSC7116/TSC7117 are available in a small 
60-pin flat package for compact designs. Standard 
devices are offered in an industrial temperature range 
and with burn-in lasting for 160 hours at +125°C. 


For applications requiring a more temperature 


stable internal reference voltage refer to the TSC7116A/ 
7107A data sheets. 


3 1/2 DIGIT A/D CONVERTER 


Ordering. Information 


Part No. 


TSC7116CPL 


TSC71161PL 


Package 


40-Pin 
Plastic Dip 


40-Pin 


Plastic Dip oN, 


TSC7116CUJL . 


TSC7116lJL 


40-Pin 
CerDIP 


40-Pin 


CerDIP 


TSC7116CBQ _ 


60-Pin 
Plastic Flat 


| Package 


TSC7117CPL 


TSC7117IPL 


-40-Pin 


Plastic Dip 
40-Pin 


Plastic Dip 


TSC7117CJL 


40-Pin © 
CerDIP 


40-Pin 


-25°C to 


TSC71171JL 
TSC7117CBQ 


TSC7116CKW 


TSC7116CLW 
TSC7117CKW 


TSC7117CLW 


CerDIP 
60-Pin 


Plastic Flat - 


Package 


44 -Pin 
Plastic Flat 


44-Pin 
PLCC 


44-Pin 


Plastic Flat 
’ Package 


44-Pin 
PLCC 


Devices with Burn-in (160 Hours at +125°C) 


TSC7116CPL/BI 


TSC7117CPL/BI 
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40-Pin 


Plastic Dip 


40-Pin 


Plastic Dip . 


| - 0°C to 
Normal | 470°C 
0°C to 

Normal +70°C 


Pin Temp. Display 
Layout Range Drive 
0°C to 
Normal +70°C LCD 
,  -25°C to | 
Normal +85°C LCD 
0°C to 
Normal - 470°C LCD 
-25°C to 
Normal “485°C LCD 
Formed 0°C to 
Leads +70°C O80 
0°C to 
Normal 470°C LED 
-25°C to 
Normal +85°C LED 
0°C to 
~ Normal +70°C LED 
| pide: +85°C LED 
Formed 0°C to 
Leads +70°C BED 
Formed 0°C to 
Leads 470°C LCD 
0°C to 
LCD 
+70°C . 
Formed 0°C to 
_ Leads +70°C pee 
0°C to 
470°C LED 


LCD 


LED 
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Pin Configuration 


NORMAL 
PIN CONFIGURATION 


“~ 
TSC7116 
TSC7117 


TSC7116CLW 
TSC7117CLW 


100's 


VINT O3 
VBUFF 2 
NC Fo 
Caz AQ 
NC BA 
Vin 2 
NC | Me 
SUB SUB 
NC TSC7116BQ NC : oe 
ne Dy TSC7116CKW 
- E, TSC7117CKW 
lato (FLAT PACKAGE) 
CREF Fy 
CREF i” 
ve By 
4) 15] 16} LZ] 18] 
u ZRS SS SSsss2ace 
oe 8 Be 5 
Notes: 


1, NC = NO INTERNAL CONNECTION . ; 
2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE 
PINS IS APPROXIMATELY V*. NO EXTERNAL CONNECTIONS SHOULD BE MADE. 
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Absolute Maximum Ratings TSC7117 


TSC71 16 : Supply Voltage 
Supply Voltage (v* to V) ee da: tel a, dep heey oath de ates ete : 15 V - Coe ees e ener eer ee reece nene PFs 8 eee a ee ey ey 
Analog Input Voltage (either input) (Note 1) sect V to Vv Ce ee _ v 
Reference Input Voltage (either INPUl) vas cesvexs V* to V™ Analog: Input Voltage (either InDUL NOLO dy niyee vi 1 
Clock Input Test to V* Reference Input Voltage (either input) Shgieh oa kas V to Mi 
Power Dissipation (Note 2) a Clock Input Peete etter teen eee enna teas GND to V 
CerDIP Package .......ccccccecseeseeues .: 1000 mw _—s«~Power Dissipation (Note 1) : 
Plastic Package ........ ete eeaaees 800 mW CerDIP Package .....-....ssseee eves eee, 1000 mW 
Operating Temperature Plastic Package td yang aval eet ta, att sa elealatae peas 800 mW 
“C” DeViceS ....... cee eee e eee Soe O'Cio+70°c Operating Temperature | 
“I” Devices | -25°C to +85°C “CY DGVICES: a6 2s widen teers bids 0°C to +70°C 
hg besa KS Goal yg Ma Tal WS Wa es . WES . 
Storage Temperature ...... vecseesesss ~65°C to +160°C ee cae Be Tete nT g aa ier nae hects 
Lead Temperature (Soldering, 60 sec) ............ 300° C ee a ee = 
| P | ( g ) 2. Lead Temperature (Soldering, 60 sec) ............ 300° C 
Stresses above those listed under Absolute Maximum Ratings may cause in the operational sections of the specifications is not implied. Exposure to - 
permanent damage to the device. These are stress ratings only, and functional Absolute Maximum Rating Conditions for extended periods may effect device 
operation of the device at these or any other conditions above those indicated reliability. 


Electrical Characteristics (Note 3) 


CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT 
Zero Input Reading ee Sonat 000.0 ~——-+000.0 +000.0 Digital Reading 
Ratiometric Reading | eee ies a 999  999/1000 1000 Digital Reading 
Rollover Error (Difference in _ . os 
Reading for Equal Positive and -ViIn = +Vin ~ 200.0 mV -1 +0.2 +1 Counts 
Negative Reading Near Full-Scale) . 
Se ee. 1 2 Counts 
Common-Mode Vom = +1 V, Vin=0 V. -_ 50 _ uV/V 
Rejection Ratio (Note 4) Full-Scale = 200.0 mV | 
Noise (Pk - Pk Value Not - —ViIn=OV | se i 2 | uV 
Exceeded 95% of Time) Full-Scale = 200.0 mV 

Leakage Current @ Input Vin=0V 7 — 1 10 : pA 

Vin =0V 
Zero Reading Drift _ _ - Device = 0°C to 70°C - | m2 | 1 , uC 
“I” Device = -25°C to +85°C _—. 1.0 2 
Vin = 199.0 mV, 
Scale Factor “C” Device = 0°C to 70°C — 1 5 ppm/?C 


(Ext. Ref = 0 ppm/°C) 
Vin = 199.0 mV . _— — 20 ppm/°C 
“I” Device: -25°C to +85°C 


Temperature Coefficient 


Input Resistance, 


Pin 1 (Note 6) 30 70 7 | ka 
Vit, Pin 1 (TSC7116 only) aun fas Test +1.5 V 
Vit, Pin 1 (TSC7117 only) | oe fas GND +1.5 V 
Vin, Pin 1 (Both) V -1.5 — — V 
include LED Current for 7107) Vin = 0 = 08 Ve mi 
Analog Common Voltage (With 25 kX. Between Common 24 28 32 V 
Respect to Pos. Supply) and Pos. Supply ; | 

Temp. Coeff. of Analog common 25 kf. Between Common = 80 = ppm/°C 
(With Respect to Pos. Supply) and Pos. Supply | 


TSC7116 ONLY Pk - Pk 


aes | , 
Segment Drive Voitage (Note 5) V tov =9V . 4 5 6 ma) 
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Electrical Characteristics (Cont.) 
CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT 
TSC7116 ONLY Pk - Pk | 


+ = 
Backplane Drive Voltage (Note 5) V toV =9V 4 5 6 Vv 
TSC7117 ONLY ara 
Segment Sinking Current 5 8.0 _ ev 


(Except Pin 19) Segment Voltage = 3 V 


TSC7117 ONLY 


V7 =5.0V 


eo Current Segment Voltage = 3 V 10 16 — mA 

NOTES: 

1. Input voltages may exceed the supply voltages provided the input currentis 4. Refer to “Differential Input” discussion. 
limited to + 100 pA. 5. Backplane drive is in phase with segment drive for ‘off’ segment, 180° out of 

2. Dissipation rating assumes device is mounted with all leads soldered to phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
printed circuit board. dc component is less than 50 mV. 

3. Unless other wise noted, specifications apply to both the TSC7116 and 6. The TSC7116 logic input has an internal pull-down resistor connected from 
TSC7117 at Ta = 25°C, foLock = 48 kHz. TSC7116 is tested in the circuit of HLDR, Pin 1, to TEST, Pin 37. The TSC7117 logic input has an internal pull- 
Figure 1. TSC7117 is tested in the circuit of Figure 2. down resistor connected from HLDR, Pin 1 to GROUND, Pin 21. 

Pin Description 

60-Pin | 
40-Pin DIP Flat Package 
Pin Number Pin Number Name __— Description 

1 13 HLDR_ Hold Pin, Logic 1 holds present display reading. 
2 14 Dj Activates the D section of the units display. 

3 15 Ci Activates the C section of the units display. 

4 16 Bi Activates the B section of the units display. 

5 17 Ai Activates the A section of the units display. 

6 18 Fy Activates the F section of the units display. 

7 19 Gi Activates the G section of the units display. 

8 20 Ei Activates the E section of the units display. 

9 21 Do Activates the D section of the tens display. 
10 25 C2 Activates the C section of the tens display. 

11 26 Bo Activates the B section of the tens display. 
12 27 A2 Activates the A section of the tens display. 
13 28 Fo Activates the F section of the tens display. 

14 29 Eo | Activates the E section of the tens display. 

15 30 D3 Activates the D section of the hundreds display. 
16 31 B3 Activates the B section of the hundreds display. 
17 32 F3 Activates the F section of the hundreds display. 
18 33 E3 Activates the E section of the hundreds display. 
19 34 AB4 Activates both halves of the 1 in the thousands display. 
20 35 POL Activates the negative polarity display. 
oY 36 BP TSC7116: LCD Backplane drive output. 

GND = 17SC7117: Digital Ground. 

22 37 G3 Activates the G section of the hundreds display. 
23 40 AB Activates the A section of the hundreds display. 
24 41 C3 Activates the C section of the hundreds display. 
25 43 Ge Activates the G section of the tens display. 
26 45 Vv Negative power supply voltage. 
27 46 VINT Integrator output. Connection point for integration capacitor. See 


INTEGRATING CAPACITOR section for additional details. 
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40-Pin DIP 60-Pin 
Pin Number Flat Package BT eto 
Normal Pin Number Name Description 
28 47 VaUcE Integration resistor connection. Use a 47 kQ for a 200 mV full-scale 
~ . range and a 470 kON for 2 V full-scale range. 
The size of the auto-zero capacitor influences the system noise. Use a 0.47 wF capacitor for 
29 49 Caz a 200 mV full-scale, and a 0.047 uF capacitor for a 2 volt full-scale. See patearepl on 
AUTO-ZERO CAPACITOR for more details. 
30 51: VIN The analog low input is connected to this pin. 
31 | 55 VIN The analog high input signal is connected to this pin. 
; This pin is primarily used to set the analog common-mode voltage for battery operation or 
32 57 Analog 
Gommor in systems where the input signal is referenced to the power supply. See paragraph on 
| . ANALOG COMMON for more details. It also acts as a reference voltage source. 
33 58 CREF See pin 34. _ | | 
| hs A 0.1 »F capacitor is used in most applications. If a large common-mode voltage exists 
34 ' — 69 CREF (for example the Vin pin is not at analog common), and a 200 mV scale is 
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count. 
35 60 V Positive Power Supply Voltage. 
ae : The analog input required to generate a full-scale output (1,999 counts). Place 100 mV 
36 1 VREF between pins 32 and 36 for 199.9 mV full-scale. Place 1.00 volts between pine 32 and 36 for 
2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 
Lamp test. When pulled high (to V) all segments will be turned on and the display should 
37 3 Test read -1888. It may also be used as a negative supply for externally generated decimal 
points. See paragraph under TEST for additional information. 
38 4 OSC3 ~=See pin 40. 
39 6 OSC2 See pin 40. | 
| Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per section) 
40 10 OSC — connect pin 40 to the junction of a 100 kO resistor and a 100 pF capacitor. The 100 kO resistor 


is tied to pin 39 and the 100 pF capacitor is tied to pin 38. 


Analog Section 


Figure 3 shows the Block Diagram of the Analog Section for 
the TSC7116 and TSC7117. Each measurement cycle is 
divided into three phases. They are (1) auto-zero (A-Z), (2) 
signal integrate (INT) and (3) reference (REF). 


Auto-Zero Phase 

Input high and low are disconnected from the pins and inter- 
nally shorted to analog common. The reference capacitor is 
charged to the reference voltage. A feedback loop is closed 
around the system to charge the auto-zero capacitor Caz to 
compensate for offset voltages in. the buffer amplifier, inte- 
grator, and comparator. Since the comparator is included in 
the loop, the A-Z accuracy is limited only by the noise of the 
system. The offset referred to the input is less than 10 zV. 


Signal Integrate Phase 
The auto-zero loop is opened, the internal short is oreicn: 
and the internal input high and low are connected to the 


external pins. The converter then integrates the differential. 


voltage between Vinand Vin for a fixed time. This differential 
voltage can be within a wide common-mode range; within 
one volt of either supply. If, on the other hand, the input sig- 


nal has no return with respect to the converter power supply, . 
Vin can be tied to analog common to establish the correct 
common-mode voltage. At the end of this phase, the polanly 


of the integrated signal is determined. 


Reference Integrate Phase 

The final phase is reference integrate or de-integrate. Input 
low is internally connected to analog common and inputhigh 
is connected across the previously charged reference capa- 
citor. Circuitry within the chip ensures that the capacitor will 
be connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal. The digital 


reading displayed is: 
1000 x —IN_ 
VREF 


Reference : 
The positive reference voltage (VREF) is referenced to analog 
common. 


Differential Input» 


The input can accept differential voltages anywhere within 
the common-mode range of the input amplifier; or specifi- 


~ Cally from 1.0 volts below the positive supply to 1.0 volt above 


the negative supply. In this range the system has a CMRR of 
86 dB typical. However, since the integrator also swings with 
the common-mode voltage, care must be exercised to assure 


. the integrator output does not saturate. A worse case condi- 


tion would be a large positive common-mode voltage with a 
near full-scale negative differential input voltage. The nega- 
tive input signal drives the integrator positive when most of 
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Figure 3: Analog Section of TSC7116/TSC7117 


its swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced to less than the recommended 2 V full-scale 
swing with little loss of accuracy. The integrator output can 
swing within 0.3 volts of either supply without loss of linearity. 


Analog Common 

This pin is included primarily to set the common-mode volt- 
age for battery operation (TSC7116) or forany system where 
the input signals are floating with respect to the power sup- 
ply. The common pin sets a voltage that is approximately 2.8 
volts more negative than the positive supply. This is selected 
to give a minimum end-of-life battery voltage of about 6 V. 
However, the analog common has some of the attributes of 
a reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7 V), the common 
voltage will have a low voltage coefficient (0.001%/%), low 
output impedance (=15 ), and a temperature coefficient of 
80 ppm/°C typically. 


vt 


4“ 
TSC7116 i 
TSC7117, Veer 


ae 


TSC9491CJ 


12V 
REFERENCE 


Figure 4: Using an External Reference 


TSC7116 
TSC7117 


Rint Caz Cint 
AUTO- 
vt ZERO VINT 
‘an 
7. Neo ee ee er ae i OR nee Pe ee, el 
1 29 27 
bi “ 
TSC7116 
TSC7117 
INTEGRATOR 
i TO 
> DIGITAL 
ZeN SECTION 
OY) 


.2V 
ey COMPARATOR 


An external reference may be added to improve temperature 
stability or the TSC7116A/TSC7117A devices with lower 
analog common temperature drift may be used. The circuit is 
shown in Figure 4. : 

Analog common is also used as the Vin return during auto- 
zero and deintegrate. If Vin is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CMRR of the converter. However, in 
some applications Vin will be set at a fixed known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same point, thus 
removing the common-mode voltage from the converter. 
The same holds true for the reference voltage. If reference 
can be conveniently referenced to analog common, it should 
be since this removes the common-mode voltage from the 
reference system. 


Within the IC, analog common is tied to an N-channel FET 
that can sink 30 mA or more of current to hold the voltage 
2.8 volts below the positive supply (when a load is trying to 
pull the common line positive). However, there is only 10 uA 
of source current, so Common may easily be tied to a more 
negative voltage thus over-riding the internal reference. 


Test : 

The TEST pin serves two functions. On the TSC7117 it is 
coupled to the internally generated digital supply through 
a 500 2 resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in- 
clude on the LCD display. Figures 5 and 6 show such an 
application. No more than a 1 mA load should be applied. 


The second function is a “lamp test.” When TEST is pulled 
high (to v’) all segments will be turned on and the display 
should read -1888. The TEST pin will sink about 10 mA under 
these conditions. . 
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TSC7116 | DECIMAL 
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SELECT 
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POINTS 


CRYSTAL 


EXTERNAL 


OSCILLATOR RC NETWORK 


TO TEST PIN ON TSC7116 . 
_ TO GROUND PIN ON TSC7117 


Figure 7: Clock Circuits 


Digital Section 


Figures 8 and 9 show the digital section for the TSC7116 and 
TSC7117, respectively. In the TSC7116 (Figure 8), an inter- 
nal digital ground is generated from a 6 volt Zener diode and 


a large P channel source follower. This supply is made stiff to 


absorb the large capacitive currents when the back plane 


(BP) voltage is switched. The BP frequency is the clock 


frequency divided by 800. For three readings/second this is 
a 60 Hz square wave with a nominal amplitude of 5 volts. The 


segments are driven at the same frequency and amplitude’ 


and are in phase with BP when OFF, but out of phase when 
ON. In all cases, negligible dc voltage exists across the 
segmenis. 


1-224 


3 1/2 DIGIT A/D CONVERTER 


Figure 9 is the Digital Section of the TSC7117. It is identical 
to the TSC7116 except that the regulated supply and back 
plane drive have been eliminated and the segment drive is 
typically 8 mA. The 1000 output (pin 19) sinks current from 
two LED segments, and has a 16 mA drive capability. The 
TSC7117 is designed to drive common anode LEDs. 


In both devices, the polarity indication is “on” for negative 
analog inputs. If Vin and VIN are reversed, this indication can 
be reversed also, if desired. 


System Timing 
Figure 9 shows the.clocking method used in the TSC7116 and 
TSC7117. Three clocking methods may be used: 


1. An external oscillator connected to pin 40. 
2. Acrystal between pins 39 and 40. 
3. An RC oscillator using all three pins. 


The oscillator frequency is divided by four before it clocks the 
decade counters. It is then further divided to form the three 
convert-cycle phases.. These are signal integrate (1000 
counts), reference de-integrate (0 to 2000 counts) and auto- 
zero (1000 to 3000 counts). For signals less than full-scale 
auto-zero gets the unused portion of reference de-integrate. 
This makes a complete measure cycle of 4,000 (16,000 clock 
pulses) independent of input voltage. For three readings/ 
second, an oscillator frequency of 48 kHz would be used. 


To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre- 
quencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 48 kHz, 40 kHz, 
33-1/3 kHz, etc. should be selected. For 50 Hz rejection, oscil- 
lator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 50 kHz, 
40 kHz, etc. would be suitable. Note that 40 kHz (2.5 readings/ 
second) will as both 50 and 60 Hz (also 400 and 440 Hz). 


HOLD Reading Input 

When HLDR is at a logic “HI” the latch will not be updated. 
A/D conversions will continue but will not be updated until 
the HLDR is returned to “LOW”. To continuously update the 
display connect to TEST (TSC7116) or GROUND (TSC7117) 
or disconnect. This input is CMOS compatible with 70K typi- 
cal resistance to TEST (TSC7116) or GROUND (TSC7117). 


Component Value Selection 


Auto-Zero Capacitor : : 
The size of the auto-zero capacitor has some influence on ihe | 
noise of the system. For 200 mV full-scale where noise is very 
important, a 0.47 uF capacitor is recommended. On the 2 volt 
scale, a 0.047 uF capacitor increase the speed of recovery | 
from overload and is adequate for noise on this scale. 


Reference Capacitor 

A 0.1 uF capacitor is acceptable in most applications. How- 
ever, where a large common-mode voltage exists (i.e. the VIN 
pin is not at analog common) and a 200 mV scale is used, a 
large value is required to. prevent to roll-over error. Generally 
1.0 wF will noid the roll-over error to 0.5 countin this instance. 
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Figure 9: TSC7117 Digital Section 
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Integrating Capacitor © | 

The integrating capacitor should be selected to give the 


maximum voltage swing that ensures tolerance build-up will 
not saturate the integrator swing (approx. 0.3 volt from either 


supply). In the TSC7116 or the TSC7117, when the analog | 


common is used as a reference, a nominal +2 volt full-scale 
integrator swing is acceptable. For the TSC7117 with +5 volt 


supplies and analog common tied to supply ground, a+3.5to - 


+4 volt swing is nominal. For three readings/second (48 kHz 
clock) nominal values for Cint are 0.22 w1F and 0.10 uF, 
respectively. If different oscillator frequencies are used, 
these values should be changed in inverse proportion to 
maintain the output swing. 


The integrating capacitor must have low dielectric absorp- 
tion to prevent roll-over errors. Polypropylene eapaciols are 
recommended for this application. 


Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 100 wA of quiescent current. They can 
supply 20 wA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 


this very linear region over the input voltage range, but small” 
enough that undue leakage requirements are not placed on | 


the PC board. For 2 volt full-scale, 470 kQ is near optimum 
and similarly a 47 kQ for a 200.0 mV scale. . 


Oscillator Components 

For all ranges of frequency a 100 kf resistor is recom- 
mended and the capacitor is selected from the equation 
f = 45 . For 48 kHz clock (3 readings/second), C = 100 pF. 


RC 


Reference Voltage 

To generate full-scale output (2000 counts) the analog input 
required is: Vin =2 Vrer. Thus, for the 200.0 mV and 2:000 voit 
scale, VReF should equal 100.0 mV and 1.00 voit respectively. 
_ In many applications where the A/D is connected to a trans- 
ducer, there will exist a scale factor between the input voltage 


and the digital reading. For instance, in a measuring system,. 


the designer might like to have a full-scale reading when the 
voltage from the transducer is 700 mV. Instead of dividing the 
input down to 200.0 mV, the designer should use the input 
voltage directly and select Vrer = 350 mV. Suitable values for 
integrating resistor and capacitor would be 120 kO and 0.22 uF. 
This makes the system slightly quieter and also avoids a 
divider network on the input. The TSC7117 with 5 V supplies 


can accept input signals up to +4 V. Another advantage of. 


this system occurs when a digital reading of zero is desired 
for Vin # 0. Temperature and weighing systems with a 
variable tare are examples. This offset reading can be con- 
veniently generated by connecting the voltage transducer 
between Vin and common and the variable (or fixed) offset 
voltage between common and Vin. 


TSC7117 Power Supplies | 


The TSC7117 is designed to work from +5 V supplies. How- . 


ever, if anegative supply is not available, it can be generated 


from the clock output with two diodes, two capacitors andan. 
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In selected applications no negative supply is required. The 
‘conditions to use a single +5 V supply are: 

'@ The input signal can be referenced to the center of the 
common-mode range of the converter. 

® The signal is less than +1.5 volts. 

@ An external reference is used. 


Figure 10: Generating Negative Supply From + 5V 


- Typical Applications 
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Figure 11: 


SET Vrer = 100.0mV 
« 


1KQ = 22K2 
FNS 
TSC7117 ne TMQ 
CG 


0.47 uF 47KQ 


0.22uF 


Figure 12: TSC7117 internal Reference (200 mV Full- 
Scale, 3 RPS, Vin Tied to GND for Single 
Ended inpuis). 
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Figure 13: Circuit for Developing Underrange and 


Overrange Signals from TSC7116 Outputs. 
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Figure 14: TSC7117 With a 1.2 V External Band-Gap 
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Applications Information 


The TSC7117 sinks the LED display current and this causes 
heat to build up in the IC package. If the internal voltage 
reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 
dissipation such variations can be reduced. By reducing the 
LED common anode voltage the TSC7117 package power 
dissipation is reduced. 


Figure 17 is a photograph of a curve-tracer display showing 
the relationship between output current and output voltage 
for a typical TSC7117CPL. Since a typical LED has 1.8 volts 
across it at 8 mA, and its common anode is connected to 
+5 V, the TSC7117 output is at 3.2 V (point A on Fig. 17). 
Maximum power dissipation is 8.1 mA X 3.2 V X 24 segments 
= 622 mW. 
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Figure 15: TSC7116/TSC7117: Recommended Com- 


ponent Values for 2.00 V Full-Scale. 
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Figure 16: TSC7117 Operated from Single +5 V 
Supply. An External Reference Must Be 
Used in This Application. 


Notice, however, that once the TSC7117 output voltage is 
above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B of Figure 17) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
mA X 2.2 V X 24 = 385 mW). 


Reduced power dissipation is very easy to obtain. Fig. 18 
shows two ways: either a 5.1 ohm, 1/4 watt resistor ora 1 Amp 
diode placed in series with the display (but not in series with 
the TSC7117). The resistor will reduce the TSC7117 output 
voltage, when all 24 segments are “ON,” to point “C” of Fig. 
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17. When segments turn off, the output voltage will increase. 
The diode, on the other hand, will result in a relatively steady 
output voltage, around point “B.” 


In addition to limiting maximum power dissipation, the resis- 


tor reduces the change in power dissipation as the display | 


changes. This effect is caused by the fact that, as fewer 
segments are “ON,” each “ON” output drops more voltage 
and current. For the best case of six segments. (a “111” dis- 
play) to worst case (a “1888” display) the resistor circuit will 


1 
BE 


3V 4V 5V 


Figure 17: TSC7117 Output Current vs Output Voltage 
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change about 230 mW, while acircuit without the resistor will: 
change about 470 mW. Therefore, the resistor will reduce the 
effect of display dissipation on reference voltage drift by 
about 50%. <2 . | 


The change in LED brightness caused by the resistor is 
almost unnoticeable as more segments turn off. If display 
brightness remaining steady is very important to the de- 
signer, diode may be used instead of the resistor. 


Figure 18: Diode or Resistor Limits Package Power » 
Dissipation 
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FEATURES 

m Internal Reference with Low 

Temperature Drift .......... 20 ppm/°C Typical 
50 ppm/°C Maximum 


Display Hold Function 
Drives LCD or LED Displays Directly 
Guaranteed Zero Reading with Zero Input 
Low Noise for Stable Display | 
-2.000 V or 200.0 mV Full-Scale Range 
Auto-Zero Cycle Eliminates Need for Zero Adjust- 
ment Potentiometer 
True Polarity Indication for Precision Null Appli- 
cations 
Convenient 9 V Battery Operation (TSC7116A) 
High Impedance CMOS Differential Inputs . . 10'2Q 
Low Power Operation ................ 10 mW 


COMMON 
ANODE 


DISPLAY 


2-19 
ANALOG 22-25 


0.01 uF ANALOG 
INPUT OV" T 


0.01 uF 


TO ANALOG COMMON TO ANALOG COMMON 


3conversions/sec ‘P22 '3conversions/sec (P32) 


Figure 1: Typical TSC7116A Operating Circuit Figure 2: Typical TSC7117A Operating Circuit 
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ecueaal DESCRIPTION 


The TSC7116A and TSC7117A 3-1/2 digit 
CMOS analog-to-digital converters contain all the 
active components necessary to construct a 0.05% 
resolution measurement system. Seven segment de- 


coders, polarity and digit drivers, voltage reference.and 


clock circuit are integrated on chip. The TSC7116A 
drives liquid. crystal displays (LCD) and includes a 
backplane driver. The TSC7117A drives common anode 
light emitting diode (LED) displays directly with an8 mA 
drive current per segment. 

| The TSC7116A/TSC7117A incorporate the dis- 
play hold (HLDR) function. The displayed reading will 
remain indefinitely as long as HLDR is held high. 
Conversions continue but the output data display 


latches are not updated. The Vaer or reference low 


input is not available as it is with the TSC7106/TSC7107. 
VRerF is tied internally to analog common in the 
TSC7116A/TSC7117A devices. | 


The TSC7116A/TSC7117A feature a precision 


low drift internal reference. A low drift external reference 
voltage is normally not required. Existing 7116/7117 
systems may be upgraded without changing external 
components. 

The TSC7116A/TSC7117A reduce linearity error 
to less than 1 count. Rollover error — the difference in 
readings for equal magnitude but opposite polarity 
input signals — is below +1 count. High impedance 
differential inputs offer 1 pA leakage current anda 1012Q 
input impedance. The 15 uwVp_p noise performance 
guarantees a “rock solid” reading. The auto-zero cycle 
guarantees a zero display reading witha zero volt input. 

~ The TSC7116A/TSC7117A dual slope conver- 
sion technique automatically rejects interference signals 
if the converters integration time is set to a multiple of 
the interference signal period. This is especially useful 
in industrial measurement environments where 50, 60 
and 400 Hz line frequency signals are present. 

The TSC7116A/TSC7117A are available in a 
small 60-pin flat package for compact designs. Standard 
devices are offered in an industrial temperature range 
and with burn-in lasting for 160 hours at +125°C. 
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~ Ordering Information 


Pin Temp. Display 
Part No. Package Layout Range Drive 
40-Pin 0°C to 
TSC7116ACPL Plastic Dip Normal +70°C LCD 
40-Pin -25°C to 
TSC7116AIJL CerDIP Normal +85°C LCD 
60-Pin : | 
TSC7116ACBQ Plastic Flat Formed = O'S to tg 
Leads .+70°C 
Package | 
40-Pin 0°C to 
TSC7117ACPL Plastic Dip Normal +70°C LED 
40-Pin -25°C to 
TSC7117AIJL CerDIP | Normal +85°C LED 
: 60-Pin 
i Formed 0°C to 
TSC7117ACBQ Plastic Flat Reads +70°C LED 
Package 
. 44 -Pin - 
TSC7116ACKW Plastic Flat Formed O° 10 ep 
Package 
—— 44-Pin 0°C to 
44 -Pin Formed 0°C to | 
TSC7117ACKW Plastic Flat Leads +70°C LED 
| | 44-Pin 
0°C to 
TSC7117ACLW PLCC +70°C LED 
Devices with Burn-In (160 Hours at +125°C) 
40-Pin 0°C to 
TSC7116ACPL/BI Plastic Dip Normal +70°C LCD 
| 40-Pin OCto 
TSC7117ACPL/BI - Plastic Dip Normal +70°C LED 
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Pin Configuration 


NORMAL 
PIN CONFIGURATION 


a" 
TSC7116A 
TSC7117A 


TSC7116ACLW 
TSC7117ACLW 


"~~ 
TSC7116A 
TSC7117A 


TSC7116ACKW 
TSC7117ACKW 
(FLAT PACKAGE) 


F; 
VIN 

NC 
COMMON 


. NC = NO INTERNAL CONNECTION 
2 PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE 
PINS IS APPROXIMATELY V*. NO EXTERNAL CONNECTIONS SHOULD BE MADE. 
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Absolute Maximum Ratings 


TSC7116A ? 
Supply Voltage (v" TOS) apa castradaieis eae ies 15 V 
‘Analog Input Voltage (either input) (Note 1) V* to V™ 
Reference Input Voltage (either input) .......... V" to V 
ClOCK INOUE 53 SG eescaa vente wieeeten bvosates Test to V" 
Power Dissipation. (Note 2) . 
GerDIP Package: 22.260)s5.encavenscuieees ~ 1000 mw 
Plastic: PACKAGE: ia5554 ccs aes as Soe seen Be 800 mW 
Operating Temperature 
CO” DEVICES icc tacab ele esac eves eines 0°C to +70°C 
MY SDOVICES 2 cues Gow ove Seti ate bes -25°C to +85°C 
Storage Temperature .........:..e eee -65° C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300°C 


Stresses above those listed under Absolute Maximum Ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 
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TSC7117A 
Supply Voltage 
Wr * sp Oeesedssneskentt telp canton aeons d Oats ienaadieee +6 V 
Ne teehee eee tained ta an eta aeh oaeareee sane s -9V 
Analog Input Voltage (either input) (Note 1) oe Vv" to V- 
Reference Input Voltage (either input) .......... Vv" to Vv. 
CIOCINDUL. as eg trasacser ch ewe hoes ed eae GND to V" 
Power Dissipation (Note 1) 
GerDIP PaCkdge sew cats teas wnleenaasaeadds 1000 mW 
Plastic: PaCkage 66h kiniw nannies bea oo ese 800 mW 
Operating Temperature 
“C” Devices ......... sev oave Svan hate ate 8 0°C to +70°C 
PL DCVIGES: 644 oanws «enw Aaae eee rer -25°C to +85°C 
Storage Temperature ................. ~65°C to +160°C 
Lead Temperature (Soldering, 60 sec) ............ 300° C 


in the operational sections of the specifications is not implied. Exposure to 
Absolute Maximum Rating Conditions for extended periods may effect device 
reliability. 


Electrical Characteristics (Note 3) 


MAX 


(With Respect to Pos. Supply) 


“!” Devices: -25°C to +85°C 
7-232 


CHARACTERISTICS CONDITIONS MIN - TYP UNIT 
Vin = 0.0 V : i ’ 
Zero Input Reading Full-Scale = 200.0 mV 000.0, +000.0 +000.0 Digital Reading 
Vin = VREF ‘re 
Ratiometric Reading VREF = 100 mV 999 999/1000 1000 Digital neue 
Rollover Error (Difference in _ _ 
Reading for Equal Positive and ~VIN eae: 200.0 mV ~1 +0.2 +1 Counts 
" Negative Reading Near Full-Scale) ie 
Linearity (Max. Deviation From Full-Scale = 200 mV 
- Best Straight Line Fit) or Full-Scale = 2.000 V % ue se eons 
Common-Mode Vom = +1 V, Vin =0 V. _ 50 + V/V 
Rejection Ratio (Note 4) Full-Scale = 200.0 mV. : 
Noise (Pk - Pk Value Not Vin = 0 V as 15 _ V 
Exceeded 95% of Time) Full-Scale = 200.0 mV ee 
Leakage Current @ Input ViIN=OV — 1 10 pA 
. Vin = 0 V 
Zero Reading Drift a spy = OPPO e a Oe : uV/°C 
“I” Device = -25°C to +85°C - 1.0 2 
Vin = 199.0 mV, 
Scale Factor “C” Device = 0°C to 70°C =< 1 5 ppm/°C 
| Pe (Ext. Ref = 0 ppm/° C) 
_ Temperature Coefficient Vin = 199.0 mV _ = 20 ppm/°C 
“I” Device: -25°C to +85°C 
Input Resistance, 
Pin 1 (Note 6) 30 ae = os 
Vit, Pin 1 (TSC7116A only) — — Test +1.5 V 
Vit, Pin 1 (TSC7117A only) : — — GND +1.5 V 
OOOO E 
Vin, Pin 1 (Both) V -1.5 — —_ V 
Supply Current (Does Not - 
Include LED Current for 7117A) MiN== sr Os us ws 
Analog Common Voltage (With 25 kO Between Common 
Respect to Pos. Supply) and Pos. Supply 2.7 3.05 329 ¥ 
Temp. Coeff. of Analog Common une ‘mae: ()0 ° ° 
(With Respect to Pos. Supply) C” Devices: 0°C to +70°C — 20 50 ppm/*C 
25 kN Between Common 
Temp. Coeff. of Analog Common and Pos. Supply ae a 75 ppm/°C 
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Electrical Characteristics (Cont.) 


CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT 
TSC7116A ONLY Pk - Pk eee 
Segment Drive Voltage (Note 5) V tov =9¥V - 5 6 V 
TSC7116A ONLY Pk - Pk + es 
Backplane Drive Voltage (Note 5) Me AON re 4 5 6 Vv 
TSC7117A ONLY pare 
Segment Sinking Current ie 5 8.0 — mA 


(Except Pin 19) | Segment Voltage = 3 V 


TSC7117A ONLY vies OV 
Segment Sinking Current Se went Voltage =3'V 10 16 _ mA 
(Pin 19 Only) g g 
NOTES: 
1. Input voltages may exceed the supply voltages provided the input current is 4. Refer to “Differential Input” discussion. 
limited to + 100 pA. 5. Backplane drive is in phase with segment drive for ‘off’ segment, 180° out of 
2. Dissipation rating assumes device is mounted with all leads soldered to phase for ‘on’ segment. Frequency is 20 times conversion rate. Average 
printed circuit board. dc component is less than 50 mV. 
3. Unless other wise noted, specifications apply to both the TSC7116A and 6. The TSC7116A logic input has an internal pull-down resistor connected 
TSC7117A at Ta = 25°C, foLock = 48 kHz. TSC7116A is tested in the circuit from HLDR, Pin 1, to TEST, Pin 37. The TSC7117A logic input has an inter- 
of Figure 1. TSC7117A is tested in the circuit of Figure 2. nal pull-down resistor connected from HLDR, Pin 1 to GROUND, Pin 21. 
Pin Description 
40-Pin DIP 60-Pin 
Pin Number ‘Flat Package 
Normal Pin Number Name Description 
13 HLDR ~~ Hold Pin, Logic 1 holds present display reading. 
2 14 D1 Activates the D section of the units display. 
3 15 C1 Activates the C section of the units display. 
4 16 Bi Activates the B section of the units display. 
5 17 Ai Activates the A section of the units display. 
6 18 Fy Activates the F section of the units display. 
- 19 G1 Activates the G section of the units display. 
8 20 Ey Activates the E section of the units display. 
8) 21 D2 Activates the D section of the tens display. 


— 
ro) 
n 
On 
2) 
Ph 


Activates the C section of the tens display. 


11 26 Ba Activates the B section of the tens display. 
12 27 A2 Activates the A section of the tens display. 
13 28 Fo Activates the F section of the tens display. 
14 29 E2 Activates the E section of the tens display. 
15 30 D3 Activates the D section of the hundreds display. 
16 31 B3 Activates the B section of the hundreds display. 
17 — 32 F3 Activates the F section of the hundreds display. 
18 33 E3 Activates the E section of the hundreds display. 
19 34 AB4 Activates both halves of the 1 in the thousands display. 
20 35 POL Activates the negative polarity display. 
24 36 BP TSC7116A: LCD Backplane drive output. 
GND ~~ 1TSC7117A: Digital Ground. 
22 37 G3 Activates the G section of the hundreds display. 
23 40 A3 Activates the A section of the hundreds display. 
24 41 C3 Activates the C section of the hundreds display. 
25 43 Ge Activates the G section of the tens display. 
26 45 | Vv Negative power supply voltage. 
27 46 VINT Integrator output. Connection point for integration capacitor. See 


INTEGRATING CAPACITOR section for additional details. 


1-233 


TSC7T16A 
TSC/I17A 


3 1/2 DIGIT A/D CONVERTER 


Pin Description (Cont.) | 


40-Pin DIP 60-Pin 
Pin Number Flat Package 
Normal = Pin Number > Name __ Description . 
98 47 VB Integration resistor connection. Use a 47 kf for a 200 mV full-scale 
. mk aoe range and a 470 kf) for 2 V full-scale range. . : 
The size of the auto-zero capacitor influences the system noise. Use a 0.47 uF capacitor for 
29 49 Caz a 200 mV full-scale, and a 0.047 uF capacitor for a 2 volt full-scale. See paragraph on | 
AUTO-ZERO CAPACITOR for more details. $e 
30 51 VIN The analog low input is connected to this pin. 
31 55 VIN The analog high input signal is connected to this pin. ; 
30 | 57 | Analo This pin is primarily used to set the analog common-mode voltage for battery operation or 
| POT in systems where the input signal is referenced to the power supply. See paragraph on. 
~ ANALOG COMMON for more details. It also acts as a reference voltage source. 
33 58 Crer See pin 34. | 
eo 4 A011 BF capacitor is used in most applications. If a large common-mode voltage exists 
(84 59 CREF = (for example the Vin pin is not at analog common), and a 200 mV scale is 
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count. 
35 60 V Positive Power Supply Voltage. : | 
‘i The analog input required to generate a full-scale output (1,999 counts). Place 100 mV 
36 1 VREF between pins 32 and 36 for 199.9 mV full-scale. Place 1.00 volts between pins, 32 and 36 for 
‘2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 
Lamp test. When pulled high (to V ) all segments will be turned on and the dieplay should 
37 3 Test read -1888. It may also be used as a negative supply for externally generated decimal 
points. See paragraph under TEST for additional information. 
38 4 OSC3 See pin 40. 
39 6 OSC2_~——See pin 40. . 
Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per section) 
40 10 OSC1 connect pin 40 to the junction of a 100 kO resistor and a 100 pF capacitor. The 100 kN resistor 


is tied to pin 39 and the 100 pF capacitor is tied to pin 38. 


Analog Section 


Figure 3 shows the Block Diagram of the Analog Section for 
the TSC7116A and TSC7117A. Each measurement cycle is 
divided into three phases. They are (1) auto-zero (A-Z), (2) 
signal integrate (INT) and (3) reference (REF). 


Auto-Zero Phase 

Input high and low are disconnected from the pins and inter- 
nally shorted to analog common. The reference capacitor is 
charged to the reference voltage. A feedback loop is closed 
around the system to charge the auto-zero capacitor Caz to 
compensate for offset voltages in the buffer amplifier, inte- 
grator, and comparator. Since the comparator is included in 
the loop, the A-Z accuracy is limited only by the noise of the 
system. The offset referred to the input is less than 10 wV. 


Signal Integrate Phase 

The auto-zero loop is opened, the internal short is removed, 
and the internal input high and low are connected to the 
external pins. The converter then integrates the differential 
voltage between Vinand Vin for a fixed time. This differential 
voltage can be within a wide common-mode range; within 
one volt of either supply. If, on the other hand, the input sig- 
nal has no return with respect to the converter power supply, 
Vin can be tied to analog common to establish the correct 
common-mode voltage. At the end of this phase, the ae 
of the integrated signal is determined. 


Reference Integrate Phase 
The final phase is reference integrate or de-integrate. Input 


_low is internally connected to analog common and input high 


is connected across the previously charged reference capa- 
citor. Circuitry within the chip ensures that the capacitor will 
be connected with the correct polarity to cause the integrator 
output to return to zero. The time required for the output to 
return to zero is proportional to the input signal. The digital 
reading displayed is: 


1000 x _VIN_ 
| VREF 
Reference - 
The positive reference voltage (VReF) is referenced to analog 
common. . | 


Differential Input 

The input can accept differential voltages anywhere within 
the common-mode range of the input amplifier; or specifi- 
cally from 1.0 volts below the positive supply to 1.0 volt above 
the negative supply. In this range the system has a CMRR of 
86 dB typical. However, since the integrator also swings with 
the common-mode voltage, care must be exercised to assure 
the integrator output does not saturate. A worse case condi- 


~ tion would be’a large positive common-mode voltage with a 


near full-scale negative differential input voltage. The nega- 
tive input signal drives the integrator positive when mosi of 
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OY) A/Z & DE(+) 


Figure 3: Analog Section of TSC7116A/TSC7117A 


its swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced to less than the recommended 2 V full-scale 
swing with little loss of accuracy. The integrator output can 
swing within 0.3 volts of either supply without loss of linearity. 


Analog Common 

This pin is included primarily to set the common-mode volt- 
age for battery operation (TSC7116A) orforany system where 
the input signals are floating with respect to the power sup- 
ply. The common pin sets a voltage that is approximately 3.0 
volts more negative than the positive supply. This is selected 
to give a minimum end-of-life battery voltage of about 6 V. 
However, the analog common has some of the attributes of 
a reference voltage. When the total supply voltage is large 
enough to cause the zener to regulate (>7 V), the common 
voltage will have a low voltage coefficient (0.001%/%), low 
output impedance (=15 0), and a temperature coefficient of 
20 ppm/° C typically. 


oo) VREF 
TSC7116A 


1.2V 
TSC7117A 
REFERENCE 


COMMON 


Figure 4: Using an External Reference 


TSC7116A 
TSC7117A 


TSC7116A 
TSC7117A 


INTEGRATOR 


[>> 


TO 
DIGITAL 
SECTION 


>, 

¢) 

ZENER ws 
REFERENCE 


VOLTAGE COMPARATOR 


An external reference may be may be used if necessary. The 
circuit is shown in Figure 4. 


Analog common is also used as the VIN return during auto- 
zero and deintegrate. If Vin is different from analog common, 
a common-mode voltage exists in the system and is taken 
care of by the excellent CMRR of the converter. However, in 
some applications Vin will be set at a fixed known voltage 
(power supply common for instance). In this application, 
analog common should be tied to the same point, thus 
removing the common-mode voltage from the converter. 
The same holds true for the reference voltage. If reference 
can be conveniently referenced to analog common, it should 
be since this removes the common-mode voltage from the 
reference system. 


Within the |C, analog common is tied to an N-channel FET 
that can sink 30 mA or more of current to hold the voltage 
3.0 volts below the positive supply (when a load is trying to 
pull the common line positive). However, there is only 10 vA 
of source current, SO Common may easily be tied to a more 
negative voltage thus over-riding the internal reference. 


Test 

The TEST pin serves two functions. On the TSC7117A it is 
coupled to the internally generated digital supply through 
a 500 2 resistor. Thus it can be used as the negative supply 
for externally generated segment drivers such as decimal 
points or any other presentation the user may want to in- 
clude on the LCD display. Figures 5 and 6 show such an 
application. No more than a 1 mA load should be applied. 


The second function is a “lamp test.” When TEST is pulled 
high (to V ) all segments will be turned on and the display 
should read -1888. The TEST pin will sink about 10 mA under 
these conditions. 
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~~ 
TSC7116A 


TOLCD 
OECIMAL 


POINT POINTS 
SELECT 


TO 
COUNTER 


CRYSTAL 


EXTERNAL 
OSCILLATOR 


RC NETWORK 


TO TEST PIN ON TSC7116A 
TO GROUND PIN ON TSC7117A 


Figure 7: Clock Circuits 


Digital Section 


Figures 8 and 9 show the digital section for the TSC7116A and 
TSC7117A, respectively. In the TSC7116A (Figure 8), an inter- 
nal digital ground is generated from a 6 volt Zener diode and 
a large P channel.source follower. This supply is made stiff to 
absorb the large capacitive currents when the back plane 
(BP) voltage is switched. The BP frequency is the clock 
frequency divided by 800. For three readings/second this is 
a 60 Hz square wave with a nominal amplitude of 5 volts. The 
- segments are driven at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 


ON. In all cases, negligible dc voltage exists across the 


segments. 
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Figure 9 is the Digital Section of the TSC7117A. It is identical 
to the TSC7116A except that the regulated supply and back 
plane drive have been eliminated and the segment drive is 
typically 8 mA. The 1000 output (pin 19) sinks current from 


two LED segments, and has a 16 mA drive capability. The 


TSC7117A is designed to drive common anode LEDs. 
In both devices, the polarity indication is “on” for negative 


- analog inputs. If Vin and VIN are reversed, this indication can 


be reversed also, if desired. 


System Timing 
Figure 9 shows the clocking method used in the TSC7116A 
and TSC7117A. Three clocking methods may be used: 


1. An external oscillator connected to pin 40. 
2. A crystal between pins 39 and 40. 
3. An RC oscillator using all three pins. 


The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 to 2000 counts) and auto- 
zero (1000 to 3000 counts). For signals less than full-scale 
auto-zero gets the unused portion of reference de-integrate. 
This makes a complete measure cycle of 4,000 (16,000 clock 
pulses) independent of input voltage. For three readings/ 
second, an oscillator frequency of 48 kHz would be used. 


To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple of 60 Hz. Oscillator fre- 
quencies of 240. kHz, 120 kHz, 80 kHz, 60 kHz, 48 kHz, 40 kHz, 
33-1/3 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of 200 kHz, 100 kHz, 66-2/3 kHz, 
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings/second) will reject both 50 and 60 Hz ee 400 and 
440 Hz). 


HOLD Reading Input 

When HLDR is at a logic “HI” the latch will not be updated. 
A/D conversions will continue but will not be updated until 
the HLDR is returned to “LOW”. To continuously update the 
display connect to TEST (TSC7116A) or GROUND 
(TSC7117A) or disconnect. This input is CMOS compatible 
with 70K typical resistance to TEST (TSC7116A) or GROUND 
(TSC7117A). 


Component Value Selection 


Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence on the 
noise of the system. For 200 mV full-scale where noise is very 
important, a 0.47 uF capacitor is recommended. On the 2 volt 


scale, a 0.047 uF capacitor increase the speed of recovery 


from overload and is adequate for noise on this scale. 


Reference Capacitor 

A 0.1 wF capacitor is acceptable in most applications. How- 
ever, where a large common-mode voltage exists (i.e. the VIN 
pin is not at analog common) and a 200 mV scale is used, a 
large value is required to prevent to roll-over error. Generally 
1.6 uF will noid the roll-over error io 0:5 count in this instance. 
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| 
| 


TO SWITCH DRIVERS 
FROM COMPARATOR OUTPUT 
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Lo 14 DIGITAL 


GROUND 


DIGITAL GROUND 


Figure 9: TSC7117A Digital Section 
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Integrating Capacitor 


The integrating capacitor should be selected to give the 


maximum voltage swing that ensures tolerance build- -Up will 
not saturate the integrator swing (approx. 0.3 volt fromeither 
supply). In the TSC7116A or the TSC7117A, when the analog 


common is used as a reference, a nominal! +2 volt full-scale . 


integrator swing is acceptable. For the TSC7117A with +5 
volt supplies and analog common tied to supply ground, a 
+3.5 to +4 volt swing is nominal. For three readings/second 
(48 kHz clock) nominal values for Cint are 0.22 uF and 
0.10 uF, respectively. If different oscillator frequencies are 
used, these values should be changed in inverse proportion 
to maintain the output swing. 


The integrating capacitor must have low dielectric absorp- 
tion to prevent roll-over errors. Polypropylene capacitors are 
recommended for this application. 


Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 100 nA of quiescent current. They can 
supply 20 yA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 volt full-scale, 470 kN is near optimum 
and similarly a'47 k© for a 200.0 mV scale. 


Oscillator Components 

For all ranges of frequency a 100 kN resistor is recom- 
mended and the capacitor is selected from the equation 
f= 45 . For 48 kHz clock (3 readings/second), C = 100 pF. 


RC 


Reference Voltage 
_To generate full-scale output (2000 counts) the analog input 
required is: Vin=2 Vrer. Thus, for the 200.0 mV and 2.000 voit 
scale, VreF should equal 100.0 mV and 1.00 volt respectively. 
In many applications where the A/D is connected to a trans- 
ducer, there will exist a scale factor between the input voltage 
and the digital reading. For instance, in a measuring system, 
the designer might like to have a full-scale reading when the 
voltage from the transducer is 700 mV. Instead of dividing the 
input down to 200.0 mV, the designer should use the input 
voltage directly and select VReF = 350 mV. Suitable values for 
integrating resistor and capacitor would be 120 kN and 
0.22 »F. This makes the system slightly quieter and also 
avoids a divider network on the input. The TSC7117A with 
+5 V supplies can accept input signals up to +4 V. Another 
advantage of this system occurs when. a digital reading of 


zero is desired for Vin # 0. Temperature and weighing sys- - 


tems with a variable tare are examples. This offset reading 
can be conveniently generated by connecting the voltage 
transducer between VIN and common and the variable (or 
fixed) offset voltage between common and VIN. - 


TSC7117A Power Supplies 
The TSC7117A is designed to work from +5 V supplies. 


However, if a negative supply is not available, it can be 
_ generated from the clock output with two diodes, two capa- — 


citors and an inexpensive IC. rate 10 shows this applica- 
tion. 
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In selected spplicationsA no negative supply is required. The 

conditions to use a single +5 V supply are: 

_@ The input signal can be referenced to the center of the 
common-mode range of the converter. 

® The signal is less than +1.5 volts. 

@ An external reference is used. 


Figure 10: Generating Negative Supply From + 5V 


- Typical Applications 


40 


390 J 
38 100pF 


SET Vrer = 100.0mV 
370) 
- 


36, }- 
354 | 


1KQ2 22Ki2 
34h Oe 


a] = t | 
TSC7116A 5 ‘A ____ iw 
& i = TS CT a IN 
297) 7 
0.47 nF 

98 Pot 47K2. —— 
271 | 022nF ; Pile 
265 | 

251] 

2b 

230 f 

220 | 

217 7) TO BACKPLANE 


TO DISPLAY 


Figure 11: TSC7116A Using the internal Reference 
| (200 mV Full-Scale, 3 RPS). 


SET Vrer = 100.0mV 
——- 


TKS. 22K 


32 
TSC71178 = ' 1M2 
31 
OF 


0.47 nF 47K. 


0,22uF 


- TO DISPLAY 


Figure 12: TSC7117A Internal Reference (200 mV 
Full-Scale, 3 RPS, Vin Tied to GND for 
Single Ended Inputs). 
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OR 74C€10 


Figure 13: Circuit for Developing Underrange and 
Overrange Signals from TSC7116A 
Outputs. 
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0.47 nF 47KQ 


0.22uF 


Figure 14: TSC7117A With a 1.2 V External Band-Gap 
Reference. Vin Tied to Common). 


Applications Information 


The TSC7117A sinks the LED display current and this causes 
heat to build up in the IC package. If the internal voltage 
reference is used, the changing chip temperature can cause 
the display to change reading. By reducing package power 
dissipation such variations can be reduced. By reducing the 
LED common anode voltage the TSC7117A package power 
dissipation is reduced. 


Figure 17 is a photograph of a curve-tracer display showing 
the relationship between output current and output voltage 


for a typical TSC7117ACPL. Since a typical LED has 1.8 volts . 


across it at 8 mA, and its common anode is connected to 
+5 V, the TSC7117A output is at 3.2 V (point A on Fig. 17). 
Maximum power dissipation is 8.1 mA X 3.2 V X 24 segments 
= 622 mW. 


TSC7116A 
TSC7117A 


SET Veer = 1.000V 


25K2 24K 


IMQ 
Our 


TSC7116A 
TSC7117A 31 
30 


047nF IT 470K 


0.22uF 


- TO DISPLAY 


Figure 15: TSC7116A/1SC7117A: Recommended 
Component Values for 2.00 V Full-Scale. 


. SET VREEF = 100.0mV 
~“ ; 


10K. 


1.2 V TSC9491 CJ 
+ 


O1LF IMS. IN 
* 


Figure 16: TSC7117A Operated from Single +5 V 
Supply. An External Reference Must Be 
Used in This Application. 


Notice, however, that once the TSC7117A output voltage is 
above two volts, the LED current is essentially constant as 
output voltage increases. Reducing the output voltage by 
0.7 V (point B of Figure 17) results in 7.7 mA of LED current, 
only a 5 percent reduction. Maximum power dissipation is 
now only 7.7 mA X 2.5 V X 24 = 462 mW, a reduction of 26%. 
An output voltage reduction of 1 volt (point C) reduces LED 
current by 10% (7.3 mA) but power dissipation by 38%! (7.3 
MA X 2.2 V X 24 = 385 mW). 


Reduced power dissipation is very easy to obtain. Fig. 18 
shows two ways: either a 5.1 ohm, 1/4 watt resistor ora 1Amp 
diode placed in series with the display (but not in series with 
the TSC7117). The resistor will reduce the TSC7117A output 
voltage, when all 24 segments are “ON,” to point “C” of Fig. 
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17. When segments turn off, the output voltage will increase. 
The diode, on the other hand, will result in a relatively steady 
output voltage, around point “B.” | 


In addition to limiting maximum power dissipation, the resis- 
tor reduces the change in power dissipation as the display 
changes. This effect is caused by the fact that, as fewer 
segments are “ON,” each “ON” output drops more voltage 
and current. For the best case of six segments (a “111” dis- 
play) to worst case (a “1888” display) the resistor circuit will 


1V 2V 3V 4V 5V 


Figure 17: TSC7117A Output Current vs. Output Voltage 
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change about 230 mW, while acircuit without the resistor will 
- change about 470 mW. Therefore, the resistor will reduce the 


effect of display dissipation on reference voltage drift by 


about 50%. 


The change in LED brightness caused by the resistor is 


‘almost unnoticeable as more segments turn off. If display 


brightness remaining steady is very important to the de- 
signer, diode may be used instead of the resistor. 


5.12 1/4W 


DISPLAY 
q 


iN4001 


L_bpt- 


Figure 18: Diode or Resistor Limits Package Power 
Dissipation. 
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SET REF = 100.0 mV 


DISPLAY 


TSC7126 


10 
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Y 


Figure 1: TSC7126 Clock Frequency 16 kHz 
(1 reading/sec.) 
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FEATURES 

m Long Battery Life .......... 8000 Hours Typical 
m Auto-Zero Cycle 

m= Guaranteed Zero Reading With Zero Input 

m Low Noise ............ 0. cc cece aee 15 uVp_p 
@ High Resolution (0.05%) and Wide Dynamic Range 


(72 dB) 

Low Input Leakage Current ...... 1 pA Typical 
| 10 pA Maximum 

Direct LCD Display Drive - No External Components 

Precision Null Detection With True Polarity at Zero 

High Impedance Differential Input 

Convenient 9 V Battery Operation With Low 

Power Dissipation ............. 500 uW Typical 

900 uW Maximum 

Internal Clock Circuit — 

Drop-In Replacement For ICL7126 

Available in Compact Flat Package 

Industrial Temperature Range Device 


G 
3 
in 
ta 
is 
ee 
~ 
wt 
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Figure 2: TSC7126 Clock Frequency 48 kHz 
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GENERAL DESCRIPTION 


The single chip CMOS TSC7126 incorporates 


all the active devices for a 3 1/2 digit analog-to-digital 
converter to directly drive an LCD display. The internal 
oscillator, voltage reference and display segment/ 
backplane drivers simplify system integration, reduce 
board space requirements and lower total cost. A low 
cost, high resolution—0.05%— indicating meter re- 
quires only a display, four resistors, four capacitors and 
a 9 V battery. The flat package option eases the 
mechanical design of low cost, hand held multimeters 
and systems. 

| The TSC7126 dual slope conversion technique 
rejects interference signals when the integration time is 
set to a multiple of the interference signal period. This 
is especially useful in industrial measurement en- 
vironments where 50, 60 and 400 Hz line frequency 
signals are present. 

__ With an auto-zero error less than 10 wV, zero 
drift less than 1 wV/°C, input bias current of 10 pA max 
and rollover error of less than one count, the TSC7126 
brings exceptional value to the portable battery povele? 
field. 

In adaition, the differential input and reference 
allows the measurement on load cells, strain gauges 
and other bridge type transducers. The low power 
TSC7126 can be used as a plug-in replacement for the 
TSC7106 by changing only the values of seven passive 
components. | | | 

For applications needing a low drift internal 
voltage reference refer to the TSC7126A data sheet. 
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Typical Applications. 


m Thermometry 

m Bridge Readouts (Strain Gauges, Load Cells, Null 
Detectors) 

mw Digital Meters 

— Voltage/Current/Ohms/Power 

— Capacitance/Inductance 

— Fluid Flow Rate/Viscosity/Level 

Digital Scales 

LVDT Indicators 

Portable Instrumentation 

Power Supply Readouts 

Process Monitors 

Photometers 


Ordering Information 


Pin Temperature 
Part No. Package Layout Range 
Tsc7izecpL —4OPin Normal 0°C to 70°C 
Plastic Dip 
tsc7izercpL = 47-PiN Reversed 0°C to 70°C 
Plastic Dip 
40-Pin . : 
TSC71261JL ep ie Normal -25°C to +85°C 
60-Pin Formed n - 
TeeTiPee 80 Bineeselsk ery 0°C to 70°C 
44-Pin Formed ' ° 
TSC7126CKW Blastic Flat Leads ee . 
TSC7126CLW 44-Pin eae 0°C to 70°C 
PLCC 
Devices with 160 Hour, +125°C Burn-in — 
~—tsce7izecpyai 40PIN Normal 0°C to +70°C 
Plastic Dip 
Tsc7126uL/B1 | 40-Pin Normal -25°C to +85°C 
| CerDIP 
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Pin Configuration 


bad NORMAL 
PIN CONFIGURATION 


“—“~— 


TSC7126 


(MINUS SIGN) (BACK PLANE) 


REVERSE 
PIN CONFIGURATION 


“~ 
TSC7126R 


(BACK PLANE) (MINUS SIGN) 


NC 


COMMON 


CREF 


C*REF 


REF LO 


TSC7126 


“~~ 


TSC7126CBQ 


T 
E 
S 
Tt 


1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY V+. NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 


Note: For further information on Pin Configurations, see page 7-253. 
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Absolute Maximum Ratings” 


Supply voltage (Vo toV) ...... cece cece ceeeeeeeees 15V Plastic: Package av icrtieeicee erases ied 800 mW 
Analog Input Voltage (either input) ‘” .......... VV" to VU Operating Temperature | | 
Reference Input Voltage (either input) .......... Vv" to Vv. (C Device) ....... Sader ae aes 0°C to +70°C 
COCK INDUL cy ahpadeita’ cunt een ue eamatnce Test to V (DEVICE). 2acss eros Mes ee dace -25°C to +85°C 
Power Dissipation * . Storage Temperature ................. -65°C to +160°C 
‘Ceramic Package:. iio eAneene eis aca 1000 mw Lead Temperature (Soldering, 60 sec) ............ 300° C 


| Electrical Characteristics ° 


CHARACTERISTICS 
Zero Input Reading 


CONDITIONS min T UNITS 


Vin = 0.0V . 
Full Scale = 200.0 mV -000.0 | +000.0 +000.0 Digital Reading 
Ratiometric Reading Vin = VrRer 999/1000 1000 Digital Reading 
Veer =100mV | 


Rollover Error (Difference in -Vin = +Vin = 200.0 mV 
reading for equal positive and 
_ negative reading near Full-Scale) 


Linearity (Max. deviation from 
best straight line fit) 
Vom = +1V, Vin = OV. 


Common Mode Rejection Ratio!) 
Full Scale = 200.0 mV 


Noise (Pk - Pk value not exceeded 95% | Vin = OV 
of He) Full Scale = 200.0 mV 


| Leakage Current @ Input 


' Zero Reading Drift Vin =0 
0° < Ta < 70°C. 
Scale Factor Temperature Coefficient Vin = 199.0 mV 
—_ 0<Ta< 70°C 
(Ext. Ref. 0 ppm/°C) 


Supply Current (Does not Vin =O 
include Common current) ‘Note 6: 
Analog Common Voltage (with respect | 250K{2 between Common and 
. to positive supply) positive supply 
Temp. Coeff. of Analog Common 250K!) between Common and 
(with respect to positive supply) positive supply 
Pk-Pk Segment Drive Voitage Vit to V-=9V 
(Note 5) 
Pk-Pk Backplane Drive Voltage V* to V~=9V 
(Note 5) 


Power Dissipation Capacitance vs. Clock Frequency 


Full Scale = 200 mV 
or Full Scale = 2.000 V 


+0.2 


QO 
° 
Cc 
= 
ps 
an 


= 
> 


Notes: 

1. Input voltages may exceed the supply voltages provided the input currentis 4. Refer to “Differential! Input” discussion on page 4. 
limited to +100 pA. 5. Backplane drive is in phase with segment drive for ‘off’ segment, 180° out of 

2. Dissipation rating assumes device is mounted with all leads soldered to phase for ‘on’ segment. Frequency is 20 times conversion rate. Average DC 
printed circuit board. component is less than 50 mV. . 

3. Unless otherwise noted, specifications apply at Ta = 25°C. fcLock=16kHz . 6. During auto-zero phase, current is 10-20 wA higher. 48 kHz.oscillator, 
and are tested in the circuit of Figure 1. . ' Figure 2, increases current by 8 wa (typ.). 


* Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, aiid functional Searatlan 
of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum 
rating conditions for extended periods may effect device reliability. 


7-244 


PRODUCT INFORMATION 


TSC7126 


Pin Description 


40-Pin DIP 60-Pin 
Pin Number Flat Package 
Normal (Reverse) Pin Number Name Description 
1 (40) 13 v" Positive supply voltage. 
2 (39) 14 D1 Activates the D section of the units display. 
3 (38) 15 Ci Activates the C section of the units display. 
4 (37) 16 | By Activates the B section of the units display. 
5 (36) 17 Ai Activates the A section of the units display. 
6 (35) 18 Fy Activates the F section of the units display. 
7 (34) 19 G1 Activates the G section of the units display. 
8 (33) 20 Ey Activates the E section of the units display. 
9 (32) 21 D2 Activates the D section of the tens display. 
10 (31) 25 C2 Activates the C section of the tens display. 
11 (30) 26 Ba Activates the B section of the tens display. 
12 (29) 27 A2 Activates the A section of the tens display. 
13 (28) 28 Fo Activates the F section of the tens display. 
14 (27) 29 Eo Activates the E section of the tens display. 
15 (26) 30 D3 Activates the D section of the hundreds display. 
16 (25) 31 B3 Activates the B section of the hundreds display. 
17 (24) 32 F3 Activates the F section of the hundreds display. 
18 (23) 33 E3 Activates the E section of the hundreds display. 
19 (22) 34 AB4 Activates both halves of the 1 in the thousands display. 
20 (21) 35 POL Activates the negative polarity display. 
21 (20). 36 BP Backplane drive output. 
22 (19) 37 G3 Activates the G section of the hundreds display. 
23 (18) 40 A3 Activates the A section of the hundreds display. 
24 (17) 41 C3 Activates the C section of the hundreds display. 
25 (16) 43 G2 Activates the G section of the tens display. 
26 (15) 45 Vs Negative power supply voltage. 
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Pin Description (Cont.) 


 40-Pin DIP © 60-Pin 
Pin Number Flat Package 
Normal (Reverse) Pin Number Name _ Description . 
. | The integrating capacitor should be selected to give the maximum voltage swing 
. . that ensures component tolerance build up will not allow the integrator 
27 (14) 46 7 V ' output to saturate. When analog common is used as a reference and 
_ “INT the conversion rate is 3 readings per second, a 0.047 uF capacitor may be used. 
The capacitor must have a low dielectric constant to prevent roll-over errors. 
~ See INTEGRATING CAPACITOR section for additional details. 
Integration resistor connection. Use a 180 kf for a 200 mV full-scale range and a 
(13) adi VBUFF 4.80 MQ for 2 V full- scale range. 
. The size of the auto-zero capacitor influences the system noise. Use a 0.33 uF 
29 (12) — 49 Caz capacitor for a 200 mV full-scale, and a 0.033 uF capacitor for a 2 volt full-scale. 
| See paragraph on AUTO-ZERO CAPACITOR for more details. 
30 . (11) 51 VIN The low input is connected to this pin. 
31 (10) 55 VIN The high input signal is connected to this pin. 


This pin is primarily used to set the analog common-mode voltage for battery 
39 (9) 57 Analog operation or in systems where the input signal is referenced to the power supply. 
Common See paragraph on ANALOG COMMON for more details. It also acts as a 
. reference voltage source. 


33 (8) 58 Crer See pin 34. 


. ase A 0.1 wF capacitor is used in most applications. If a large common mode voltage 
34 | (7) 59 CrerF exists (for example the. Vin pin is not at analog common), and a 200 mV scale is 
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count. 
35 (6) 60 VREF See pin 36. | 


. The analog input required to generate a full-scale output (1,999 counts). Place 
36 (5) 1 Vrer 100 mV between pins 35 and 36 for 199.9 mV full-scale. Place 1.00 volts between 
- pins 35 and 36 for 2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 


Lamp test. When pulled high (to Vv’) all segments will be turned on and the display 


37 (4) 3 Test should read -1888. It may also be used as a negative supply for externally 
generated decimal points. See paragraph under TEST for additional information. 
38 (3) 4 OSC3 See pin 40. 
39 (2) - 6 OSC2_ See pin 40. 
. Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per 
40 (1) 10 OSC _ section) connect pin 40 to the junction of a 180 kQ resistor and a 50 pF capacitor. 


The 180 kQ resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38. 
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Detailed Description 


ANALOG SECTION 

Figure 3 shows the Block Diagram of the Analog Section 
for the 7126. Each measurement cycle is divided into three 
phases. They are (1) auto-zero (A-Z), (2) signal integrate 
(INT) and (3) de-integrate, (DE). 


1. Auto-zero phase 


Input high and low are disconnected from the pins and 
internally shorted to analog COMMON. The reference 
Capacitor is charged to the reference voltage. A feedback 
loop is closed around the system to charge the auto-zero 
capacitor Caz to compensate for offset voltages in the 
buffer amplifier, integrator, and comparator. Since the 


comparator is included in the loop, the A-Z accuracy is 
limited only by the noise of the system. The offset referred 
to the input is less than 10uV. 


2. Signal Integrate phase 


The auto-zero loop is opened, the internal short is re- 
moved, and the internal input high and low are connected 
to the external pins. The converter then integrates the 
differential voltage between IN Hf and IN LO for a fixed 
time. This differential voltage can be within a wide com- 
mon mode range; within one volt of either supply. If, onthe 
other hand, the input signal has no return with respect to 
the converter power supply, IN LO can be tied to analog 
COMMON to establish the correct common-mode vol- 
tage. Atthe end of this phase, the polarity of the integrated 
signal is determined. 


3. De-integrate Phase 

The final phase is reference integrate or de-integrate. 
Input low is internally connected to analog common and 
input high is connected across the previously charged 


Figure 3: Analog Section of TSC7126. 
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reference capacitor. Circuitry within the chip ensures that 
the capacitor will be connected with the correct polarity 
to cause the integrator output to return to zero. The 
time required for the output to return to zero is propor- 


tional to the input signal. The digital reading displayed is 


1000 x VIN. . 


VREF 


Differential Reference 


The reference voltage can be generated anywhere within the 
power supply voltage of the converter. The main source of 
common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray capac- 
ity on its nodes. If there is alarge common mode voltage, the 
reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal but lose 
charge (decrease voltage) when called up to deintegrate a 
negative input signal. This difference in reference for (+) or 
(—) input voltage will give a roll-over error. However, by 
selecting the reference capacitor large enough in compari- 
son to the stray capacitance, this error can be held to less 
than 0.5 count for the worst case condition. See Compo- 
nent Values Selection. 


Differential input 


The input can accept differential voltages anywhere within 
the common mode range of the input amplifier; or specifi- 
cally from 1.0 volts below the positive supply to 1.0 volt 
above the negative supply. In this range the system has a 
CMRR of 86 GB typical. However, since the integrator also 
swings with the common mode voltage, care must be exer- 
cised to assure the integrator output does not saturate. A 
worst case condition would be a large positive common- 
mode voltage with a near full-scale negative differential 
input voltage. The negative input signal drives the integrator 


TO DIGITAL SECTION 


COMPARATOR 


“se 


TSC7126 
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positive when most of its swing has been used up by the 
positive common ‘mode voltage. For these critical applica- 
tions the integrator swing can be reduced to less than the 
recommended 2V full scale swing with little loss of accuracy. 


The integrator output can swing within 0.3 volts of either 


supply without loss of linearity. 


Analog Common 


This pin is included primarily to set oT common mode 
voltage for battery operation or for any system where the 
input signals are floating with respect to the power 
supply. The common pin sets a voltage that is approximately 
2.8 volts more negative than the positive supply. This is 
selected to give a minimum end-of-life battery voltage of 
about 6V. However, the analog common has some of the 
attributes of a reference voltage. When the total supply vol- 
tage is large enough to cause the zener to regulate (>7V), the 
common voltage will have a low voltage coefficient 
(0.001%/%), low output impedance (~15), anda tempera- 
ture coefficient typically less than 80 ppm/°C. _ 

An external reference may be added to improve temperature 
stability. The circuit is shown in Figure 4. 


vt 


ae 


TSC7126 


6.8 VOLT 


REF HI 


9491 CJ 


1.2V 
REF LO REFERENCE 


. 7T8C7126 


COMMON 


Figure 4: Using an External Reference. 


Analog common is also used as the IN LO return during 
~ auto-zero and de-integrate. If IN LO is different from analog 
- COMMON, a common mode voltage exists in the system 
and is taken care of by the excellent CMRR of the converter. 


However, in some applications IN LO will be set at a fixed. . 


known voltage (power supply common for instance). In this 


application, analog COMMON should be tied to the same 
point, thus removing the common mode voltage from the 


converter. The same holds true for the reference voltage. If 
reference can be conveniently referenced to analog COM- 


MON, it should be since this removes the common mode . 


- voltage from the reference system. 


_ Within the 1C analog COMMON is tied to an N-channel 
FET that can sink 100 uA or more of current to hold the 
voltage 2.8 volts below the positive supply (when a load is 


trying to pull the common line positive). However, there | 


is only 1 wA of source current, so COMMON may easily 
be tied to a more negative voitage thus over-riding tne 
internal reference. 
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Test 


The TEST pin serves two functions. It is eoupiod i6 othe 
internally generated digital supply through a 5000 resis- 
tor. Thus it can be used as the negative supply for 
externally generated segment drivers such as decimal 
points or any other presentation the user may want to 
include on the LCD display. No-more than a 1 mA load 
should be applied. Figures 5 and 6 show such an 
application. | | 


The second function is a “lamp test”. When TEST is pulled 
high (to V+) all segments will be turned on and the display 
should read - 1888. The TEST pin will sink about 10 mA 
under these conditions. 


Caution: In the lamp test mode, the segments have a con- 
stant d-c voltage (no square-wave) and may burn the 
LCD display if left in this mode for several minutes. 


We 


TSC7126 


TOLCD 
BACK PLANE 


. TO LCD 
a] a 


pecime’ DECIMAL 
TSC7126 POINT POINTS 
SELECT 


Figure 6: Exclusive ‘OR’ Gate for Decimal Point Drive 


DIGITAL SECTION 


_ Figure 8 shows the digital section for the 7126. An inter- 


nal digital ground is generated from a 6 volt Zener diode © 
and a large P channel source follower. This. supply is 
made stiff to absorb the relative large capacitive currents 
when the backplane (BP) voltage is switched. The BP 
frequency is the clock frequency divided by 800. For 
three readings/second this is a 60 Hz square wave with a 
nominal amplitude of 5 volts. The segments aré Griven at . 


7 oagthe same frequency and amplitude and are in phase with 
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BP when OFF, but out of phase when ON. In all cases, 
negligible d-c voltage exists across the segments. The 
polarity indication is “ON” for negative analog inputs. If 
IN LO and IN HI are reversed, this indication can be re- 
versed also, if desired. 


System Timing 
Three clocking methods may be used: (Figure 7) 


1. An external oscillator connected to pin 40. 
2. Acrystal between pins 39 and 40. 
3. An R-C oscillator using all three pins. 


The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 to 2000 counts) and auto- 
zero (1000 to 3000 counts). For signals less than full scale, 
auto-zero gets the unused portion of reference integrate. 
This makes a complete measure cycle of 4,000 (16,000 clock 
pulses) independent of input voltage. For three readings/ 
second, an oscillator frequency of 48 kHz would be used. 


TSC7126 


TYPICAL SEGMENT OUTPUT 
vt 


SEGMENT 
OUTPUT 


INTERNAL DIGITAL GROUND 


THOUSAND 


*THREE INVERTORS. 
ONE INVERTOR SHOWN 
FOR CLARITY. 


TO SWITCH DRIVERS 
FROM COMPARATOR OUTPUT 


Figure 8: Digital Section 
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To achieve maximum rejection of 60 Hz pickup, the sig- 
nal integrate cycle should be a multiple of 60 Hz. 


‘Oscillator frequencies of 60 kHz, 48 kHz, 40 kHz, 33-1/3 


kHz, etc. should be selected. For 50 Hz rejection, Oscilla- 
tor frequencies of 66-2/3 kHz, 50 kHz, 40 kHz, etc. would 
be suitable. Note that 40 kHz (2.5 readings/second) will 
reject both 50 and 60 Hz (also 400 and 440 Hz). 
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Component Value Selection 
1. Auto-zero Capacitor | 


The size of the auto-zero capacitor has some influence 
on the noise of the system. For 200 mV full scale where 
noise is very important, a 0.33 uF capacitor is 
recommended. On the 2 volt scale, a 0.033 uF capacitor 
increases the speed of recovery from overload and is 
adequate for noise on this scale. 


2. Reference Capacitor 


A 0.1 wF capacitor is acceptable in most applications. How- 
ever, where a large common mode voltage exists (i.e. the 
REF LO pinis not at analog COMMON) anda 200 mV scaleis 
used, a larger value is required to prevent roll-over error. 
Generally 1.0 uF will hold the roll-over error to 0.5 count in 
this instance. 

3. Integrating Capacitor 


The integrating capacitor should be selected to give the 
maximum voltage swing that ensures tolerance build-up 
will not saturate the integrator swing (approx. 0.3 volt 
from either supply). When the analog COMMON is used 


as a reference, a nominal +2 volt full scale integrator 


swing is acceptable). For three readings/second (48 kHz 
clock) nominal value for CinT is 0.047 uF, for one reading 
per second (16 kHz) use 0. 15 uF. ; 

If different oscillator frequencies are used, these values 


should be changed in inverse prepodien to maintain the - 


output swing. 

The integrating capacitor must have low dielectric 
absorption to prevent roll-over errors. Polypropylene 
capacitors are recommended for this application. 


At three readings/sec., a 750{) resistor should be placed 
-in series with the integrating capacitor, to compensate 
for comparator delay. 


Typical Applications 


22 uF, 
\ DISPLAY 


TO BACK PLANE 
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4. Integrating Resistor 


Both the buffer amplifier and the integrate have a class A 
output stage with 6 uA of quiescent current. They can 
supply ~1 wA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on 
the PC board. For 2 voit full scale, 1.8 MQ is near optimum 
and similarly 180 KO for a 200.0 mV scale. 


5. Oscillator Components 


For all ranges of frequency a ‘50 pF capacitor is recom- 
mended and the resistor is selected from the approximate 
equation f ~ — . For 48 kHz clock (3 readings/second), 
R= 180 KQ, RC : | — 

6. Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: Vin = 2 Vrer. Thus, for the 200.0 mV and 
2.000 volt scale, VREF should equal 100.0 mV and 1.000 voit, 
respectively. However, in many applications where the A/D 
is connected to a transducer, there will exist a scale factor 
other than unity between the input voltage and the digital 


reading. For instance, in a weighing system, the designer 
_-might like to have a full scale reading when the voltage from 
- . the transducer is 0.682V. Instead of dividing the input down 
-- to 200.0 mV, the designer should use the input voltage 


directly and select Vrer = 0.341V. A suitable value for inte- 
grating resistor would be 330 KQ.. This makes the system | 


slightly quieter and also avoids the necessity of a divider 


network on the input. Another advantage of this system 

occurs when a digital reading of zero is desired for Vin #0. | 
Temperature. and weighing systems with a variable tare are 

examples. This offset reading can be conveniently gener- 

ated by connecting the voltage transducer between IN HI 

and COMMON and the variable ior fixed) offset voltage 

between COMMON and IN LO. 


Scale tactor adjust 
(Vret = 100mV for AC to RMS) 


100K!) 


470K!) 


100pF (for optimum band width) 


Figure 9: AC to DC Converter with TSC7126. Test is Used as a Common Mode Beleretee Level to Ensure 


Compatibility with Most Op-amps. 
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Figure 10: Recommended Values for 2.000 V Full- 
Scale, Three Readings Per Second. 
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Figure 11: TSC7126 with Zener Diode Reference. 
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Figure 12: TSC7126 Using the Internal Reference. 
200.0 mV Full-Scale, Three Readings Per 
Second, Floating Supply Voltage 
(9 V Battery). 
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Figure 13: TSC7126 Operated From Single +5 V 


Supply. An External Reference Must 
Be Used. 
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*Values depend on clock frequency. See Figure 10, 12, 15. 


Figure 14: TSC7126 Measuring Ratiometric Values of 


Quad Load Cell. The Resistor Values __ 
Within the Bridge are Determined by the 
Desired Sensitivity. 
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Figure 15: TSC7126 With an External Band-Gap 
Reference (1.2 V Typ) IN LO Is Tied to 
Common. Values Shown are for One 
Reading Per Second. 
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Figure 16: TSC7126 Used as a Digital Centigrade 


Thermometer. A Silicon Diode-Connected 
Transistor Has a Temperature Coefficient 
of About 2 mV/°C. 


TSC7126 


O Range 


— €D4023 . 
or 74C10 ©04077 


Figure 17: Circuit for Developing Underrange and 


Overrange Signals from TSC7126 Outputs. 
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Figure 18: Recommended Component Values for 2.00 V Full-Scale, One Reading Per Second. 


Pin Configurations 


TSC7126CLW 
(PLCC) 


TSC7126CKW 
(FLAT PACKAGE) 


7-253 


Notes 


- ENGINEER: __ 


— DEPT: 
PROJECT: — 
DESCRIPTION 


7-254 


“97e TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC7126A 
3 1/2 DIGIT A/D CONVERTER 


FEATURES 
m@ Internal Reference With Low 

Temperature Drift .......... 35 ppm/°C Typical 

75 ppm/°C Maximum 

= Guaranteed Zero Reading with Zero Input 
Mm Low NOISe: .ni6562 sds ee eens 15 uVp_p 
@ High Resolution (0.05%) and Wide Dynamic Range 

(72 dB) 7 
m Low Input Leakage Current ...... 1 pA Typical f 


10 pA Maximum 
m Direct LCD Drive - No External Components 
m Precision Null Detection With True Polarity at Zero 
m@ High Impedance Differential input 
m Convenient 9 V Battery Operation With Low 
Power Dissipation ............. 500 uW Typical 
| 900 uW Maximum 
m Internal Clock Circuit 
m improved Drop-In Replacement For ICL7126 that 
offers Low Analog Common Voltage Drift 
m Available in Compact Flat Package 
m= Industrial Temperature Range Device Available 


LCD DISPLAY 


ANALOG 
INPUT 


1 CONVERSION/SEC 


TO ANALOG COMMON 
(P32) 


560 kQ2 


Figure 1: Typical Operating Circuit 
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GENERAL DESCRIPTION 


The TSC7126A is a low power 3 1/2 Digit LCD 
display analog to digital converter that allows existing 
7126 based systems to be upgraded. An improved 


internal zener reference voltage circuit maintains the 


analog common temperature drift to 35 ppm/°C typi- 
cally. A 75 ppm/°C maximum limit is guaranteed. This 
represents a 2 to 4 times improvement over similar 3 1/2 
digit converters. 

Existing TSC7126 or ICL7126 based systems 
may be upgraded without changing external passive 


component values. The costly, space consuming eX- 


ternal reference source may be removed. Power dissi- 


pation is a low 900 ~hW maximum. Long battery life is 


guaranteed; a key design consideration in portable or 
battery back-up systems. 

The TSC7126A limits linearity error to less than 
1 count on 200 mV or 2.00 V full-scale ranges. Rollover 


error — the difference in readings for equal magnitude | 


but opposite polarity input signals — is below +1 
count. High impedance differential inputs offer 1 pA 
leakage currents and a 1012 Q input impedance. The 
differential reference input allows ratiometric measure- 
ments for ohms or bridge transducer measurements. 


The 15 uVp_p noise performance guarantees a “rock 


solid” reading. The auto zero cycle guarantees a zero 
display readout for a zero volt input. 

The single chip CMOS TSC7126A incorporates 
all the active devices for a 3 1/2 digit analog to digital 
converter to directly drive an LCD display. The internal 
oscillator, precision voltage reference and display 
segment/backplane drivers simplify system integration, 
reduce board space requirements and lower total cost. 
A low cost, high resolution — 0.05% — indicating meter 
requires only a display, four resistors, four capacitors 
and a 9 V battery. The flat package option eases the 
mechanical design of low cost, hand held multimeters. 

The TSC7126A dual slope conversion technique 
rejects interference signals if the converters integration 
time is set to a multiple of the interference signal 


period. This is especially useful in industrial measure- 


ment environments where 50, 60 and 400 Hz line 
frequency signals are present. © 


3 1/2 DIGIT A/D CONVERTER 


| ‘Typical. Applications 
. Thermometry 


m Bridge Readouts (Strain Gauges, Load Cells, Null 


Detectors) 


@ Digital Meters 


— Voltage/Current/Ohms/Power 


— Capacitance/Inductance 
— Fluid Flow Rate/Viscosity/Level 


— Humidity 
— Position 


Ordering Information 


Digital Scales 


‘Panel Meters 


LVDT Indicators 
Portable Instrumentation 
Power Supply Readouts 
Process Monitors 


Gaussometers. _ 


Photometers _ _ 


Pin Temp. 

Part No. Package Layout | Range 
40-Pin 0°C to 

TSC7126ACPL Plastic Dip Normal 70°C 
40-Pin 0°C to 

TSC7126ARCPL Plastic Dip Reversed 70°C 
40-Pin -25°C to 
eee CerDIP Normal 485°C 
~~ §0-Pin _ Formed 0°C to 
TSC7126ACBQ Plastic Flat Leads 70°C 
44-Pin Formed 0°C to 

TSO Teeny Plastic Flat Leads 70°C 
TSC7126ACLW 44-Pin = 0°C to 
a PLCC 70°C 
Devices with 160 Hour, +125°C Burn-in 

~40-Pin 0°C to 

ToCreeenr Te Plastic Dip Normal 470°C 
re 40-Pin ~25°C to 
TSC7126AIJL/BI GerDIP Normal 485°C 
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Reference 
Temp. 
Coefficient 
75 ppm/°C 
Max 

75 ppm/°C 
Max 

100 ppm/°C © 
Max 

75 ppm/°C 
Max 

75 ppm/°C 
Max 


75 ppm/°C 
Max 


75 ppm/°C ° 
~ Max 


100 ppm/°C 
Max » 
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TSC7126A 


Pin Configuration 


NORMAL 
PIN CONFIGURATION 


“~~ 


TSC7126A 


“W~ 
TSC7126ACBQ 


(MINUS SIGN) (BACK PLANE) 


NC 


COMMON 


REVERSE 


PIN CONFIGURATION CREF 


C*REF 


“~ 


TSC7126AR 


a 
T 
E 
Ss 
T 


1, NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS IS 
APPROXIMATELY Vt. NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 


(BACK PLANE) (MINUS SIGN) 


Note: For further information on Pin Configurations, see page 7-260. 
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Absolute Maximum Ratings 


Supply Voltage (V" to V’) 
Analog Input Voltage (either input) 


(1) 


 ) 


3 1/2 DIGIT A/D CONVERTER 


Plastic Package (P) 

Epoxy Flat Package (B, S) 
Operating Temperature 
Mose aaane DP istaseing: ae 0°C to +70°C 


Cr ee 


Reference Input Voltage (either input) .......... V toV (“C” Devices) 
CIOCK INDUL 26% ons ctecadave eewwidadegicade (“I” Devices) ..... sci ee cece eeee Denise: .-25°C to +85°C 
Power Dissipation 7 Storage Temperature ...............65 -65°C to +160°C 
CerDIP Package (J) ......... cece cc eeecceee 1000 mW Lead Temperature (Soldering, 60 sec) ........... 300 °C 
Electrical Characteristics: v; = 9 Vv, folock = 16 kHz and Ta = 25°C unless otherwise noted. 
a: . TEST . . TSC7126A | 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN  +#é£TYP MAX UNIT 
a Vin = 0.0 V, 7 ; Digital 
1 Zero Input Reading Full-Scale = 200.0 mV 000.0 +000.0 +000.0 Reading 
a | Vin = 0.0 V, - - : 
| 2 Zero Reading Drift OC <TaA<70°C 3 0.2 = 1 uV/°C 
8. Ratiometric Reading VIN = VREF,° | 999 © Bd 1000 pigs 
: VReEF = 100 mV © 1000 Reading 
Po 2 Full-Scale = 200 mV or 7 
U 4 NL Linearity Error 2.000 V. Max. Deviation -1- +0.2 +1 Counts 
T | from Best Straight Line. i ‘i 
5 oa Rollover Error ~VIN = +VIN -1 +0.2 +1 Counts 
| = 200.0 mV - oT} 
' Vin=OV, © : a _ 
a wont Full-Scale = 200.0 m ba | ea 
7 ot Input Leakage Current Vin=OV — 1 10 pA 
Common-Mode Vom = +1 V, ViIn=OV ns) -_ | 
8 CMRR Rejection Ratio Full-Scale = 200.0 mV ee ee 
Scale Factor VIN oe Ue a | 
9 Teme 0°C < Tas 70°C ° 
— emperature — 1 5 ppm/°C 
Coefficient Ext. Ref. Temp. 
Coeff. = 0 ppm/°C 
, %  # 250 kN Between 
Analog Common Commom and V 
10 Vctc Temperature 0°C < Tas 70°C — 35 75 ppm/°C 
Coefficient “C” Commercial 
AC Temp. Range Devices 
x : 250 kQ Between 
LM Analog Common Common and V : 
00 11. Vetc Temperature -25°C <= Ta S$ 85°C —_ 35 100 ppm/°C 
GN Coefficient “I” Industrial Temp. 
- Range Devices 
Analog Common 250 kN Between | : 
ve” NG Voltage Common and V" 2.7 3.05 3.35 ¥ 
D LCD Segment + Pee } 
L R 13. Vsp Drive Voltage VtoV =9V 4 5 6 Vp-p 
DV LCD Backplane + eee 
E 14. Vep Drive Voltage V toV =9V 4 5 6 Vp-p 
— + ae — 
SUPPLY 15 Is Power Supply Current Vine ON, tO Sy, — 55 100 pA 
Note 7 
Notes: 4. Refer to “Differential Input” discussion. 
1. Input voltages may exceed the supply voltages when the input current is. 5. Backplane drive is in phase with segment drive for ‘off’ segment and 180° 


limited to 100 pA. 


2. Dissipation rating assumes device is mounted with all leads soldered to 


printed circuit board. 


3. Static sensitive device. Unused devices should be stored in conductive | 
material to protect devices from static discharge and static fields. 


out of phase for ‘on’ segment. Frequency is 20 times conversion rate. 
Average DC component is less than 50 mV. 
- 6. See Figure 1. 
. During auto-zero phase, current is 10-20 wA higher. A 48 kHz oscillator, 
increases current by 8 uA (typ.). Common current not included. 


“NO 
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Pin Description 


40-Pin DIP 
Pin Number 
Normal 


1 


OO; MIN] OD; on; &] @i hM 


(Reverse) 
(40) 
(39) 
(38) 
(37) 
(36) 
(35) 
(34) 
(33) 
(32) 
(31) 
(30) 
(29) 
(28) 
(27) 
(26) 
(25) 
(24) 
(23) 
(22) 
(21) 
(20) 
(19) 
(18) 
(17) 
(16) 
(15) 


(14) 


(13) 


60-Pin 
Flat Package 
Pin Number 


13 
14 
15 
16 
17 
18 
19 


47 


Name 
vr 
D1 

Cy 
By 


VINT 


VBUFF 


TSC7126A 


Description 

Positive supply voltage. 

Activates the D section of the units display. 
Activates the C section of the units display. 
Activates the B section of the units display. 
Activates the A section of the units display. 
Activates the F section of the units display. 
Activates the G section of the units display. 
Activates the E section of the units display. 
Activates the D section of the tens display. 
Activates the C section of the tens display. 
Activates the B section of the tens display. 
Activates the A section of the tens display. 
Activates the F section of the tens display. 
Activates the E section of the tens display. 
Activates the D section of the hundreds display. 
Activates the B section of the hundreds display. 
Activates the F section of the hundreds display. 
Activates the E section of the hundreds display. 
Activates both halves of the 1 in the thousands display. 
Activates the negative polarity display. 
Backplane drive output. 

Activates the G section of the hundreds display. 
Activates the A section of the hundreds display. 
Activates the C section of the hundreds display. 
Activates the G section of the tens display. 
Negative power supply voltage. 


The integrating capacitor should be selected to give the maximum voltage swing 
that ensures component tolerance build up will not allow the integrator 

output to saturate. When analog common is used as a reference and 

the conversion rate is 3 readings per second, a 0.047 uF capacitor may be used. 
The capacitor must have a low dielectric constant to prevent roll-over errors. 
See INTEGRATING CAPACITOR section for additional details. 


Integration resistor connection. Use a 180 kf for a 200 mV full-scale range and a 
180 MO for 2 V full scale range. 
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Pin Description (Cont.) 


40-Pin DIP 60-Pin 
Pin Number Flat Package 
Normal (Reverse) Pin Number Name Description — 
. _ The size of the auto-zero- capacitor influences the system noise. Use a 0.33 uF 
29 (12) 49. Caz capacitor for a 200 mV full-scale, and a 0.033 uF capacitor for a 2 volt full-scale. 
See paragraph on AUTO-ZERO CAPACITOR for more details. | 

30 (11) 51 Vin: The low input is connected to this pin. 
31. (10) 55 VIN ‘The high input signal is connected to this pin. 


This pin is primarily used to set the analog common-mode voltage for battery 
39 (9) 57 Analog operation or in systems where the input signal is referenced to the power supply. 
Common See paragraph on ANALOG COMMON for more ) details. It also acts as a 
reference voltage source. 


33 (8) 58 Crer See pin 34. 
. —_ x A.0.1 wF capacitor is used in most apolicatione if a (are common mode voltage 
34 (7) - §9 Crer exists (for example the Vin. pin is not at analog common), and a 200 mV scale is 
. . - °». used, a 1.0 wF is recommended and will hold the rollover error to 0.5 count. 
(35 (6) 60 VREF See pin 36. | | 
| + Fhe analog input required to generate a full-scale output (1,999 counts). Place 
36 (5) 1 _ VREF 100 mV. between pins 35 and 36 for 199.9 mV full-scale. Place 1.00 volts between 


pins 35 and 36 for 2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 
Lamp test. When pulled high (to Vv’) all segments will be turned on and the display 


37 (4) 3 Test should read -1888. It may also be used as a negative supply for externally 
| ' . generated decimal points. See paragraph under TEST for additional information. 
38 (3) | 4 — - OSC3._ See pin 40. | | 
39 (2) 6 OSC2_ See pin 40. 

Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock. (3 readings per 
40 ~ (1) 10 OSC section) connect pin 40 to the junction of a 180 kO resistor and a 50 pF capacitor. 


The 180 kN resistor is tied to pin 39 and the 50 pF capacitor is tied to pin 38. 


TSC7126ACLW TSC7126ACKW 
(PLCC) (FLAT PACKAGE) 
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General Theory of Operation 


Dual Slope Conversion Principles 


The TSC7126A is a dual slope, integrating analog-to-digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC7126A opera- 
tion theory. 


The conventional dual slope converter measurement cycle 
has two distinct phases: 


® input Signal Integration 
® Reference Voltage Integration (Deintegration) 


The input signal being converted is integrated fora fixed time 
period (Tsi). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The 
reference integration time is directly proportional to the input 
signal (TRI). 


In a simple dual slope converter a complete conversion 
requires the integrator output to “ramp-up” and “ramp-down.” 


ANALOG 
INPUT 0———-o 
SIGNAL 


CONTROL 


a——_——————. Vin ~ VFULLSCALE 


“rx P| 


SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 


INTEGRATOR OUTPUT 


Figure 2: Basic Dual Slope Converter 


NORMAL MODE REJECTION (dB) 


SURE 


—t | 


V/T 
INPUT FREQUENCY 


Figure 3: Normal-Mode Rejection of Dual 
Slope Converter 
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A simple mathematical equation relates the input signal, 
reference voltage and integration time: 


TsI 
fw (t)dt = Vata 
“RO 


Vr = Reference Voltage 
Tsi = Signal Integration Time (Fixed) 
TRI = Reference Voltage Integration Time (Variable) 


where: 


For a constant VIN: 
Vin = VR ne 
TsI 

The dual slope converter accuracy is unrelated to the inte- 
grating resistor and capacitor values as long as they are stable 
during a measurement cycle. An inherent benefit is noise 
immunity. Noise spikes are integrated or averaged to zero 
during the integration periods. Integrating ADCs are immune 
to the large conversion errors that plague successive approxi- 
mation converters in high noise environments. Interfering 
signals with frequency components at multiples of the averag- 
ing period will be attenuated. Integrating ADCs commonly 
operate with the signal integration period set to a multiple of 
the 50/60 Hz power line period. 


Analog Section 


In addition to the basic signal integrate and deintegrate 
cycles discussed above the TSC7126A design incorporates 
an auto-zero cycle. This cycle removes buffer amplifier, inte- 
grator, and comparator offset voltage error terms from the 
conversion. A true digital zero reading results without 
external adjusting potentiometers. A complete conversion 
consists of three cycles: an auto-zero, signal integrate and 
reference integrate cycle. 


Auto-Zero Cycle 


During the auto-zero cycle the differential input signal is 
disconnected from the circuit by opening internal analog 
gates. The internal nodes are shorted to analog common 
(ground) to establish a zero input condition. Additional ana- 
log gates close a feedback loop around the integrator and 
comparator. This loop permits comparator offset voltage 
error compensation. The voltage level established on Caz 
compensates for device offset voltages. The auto-zero cycle 
residual is typically 10 -15 wV. 


The auto-zero cycle length is 1000 to 3000 clock periods. 


Signal Integration Cycle 


The auto-zero loop is opened and the internal differential 
inputs connect to Vin and Vin. The differential input signal is 
integrated fora fixed time period. The TSC7126A signal inte- 
gration period is 1000 clock periods or counts. The externally 
set clock frequency is divided by four before clocking the 
internal counters. The intergration time period is: 


Ts! = x 1000 


fosc 


y ainbia 


wes6eid 901g WOZLZOSL 
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where: 


fosc = External Clock Frequency 


The differential input voltage must be within the device 
common-mode range when the converter and measured sys- 
tem share the same power supply common (ground). If the 
converter and measured system do not share the same power 
supply common, Vin should be tied to analog common. 


Polarity is determined at the end of signal integrate signal 
phase. The sign bit is a true polarity indication in that signals 
less than 1 LSB are correctly determined. This allows preci- 
sion null detection limited only by device noise and auto-zero 
residual offsets. 


Reference Integrate Cycle: 


The final phase is reference integrate or deintegrate. VIN is 
internally connected to analog common and Vin is connected 
across the previously charged reference capacitor. Circuitry 
within the chip ensures that the capacitor will be connected 
with the correct polarity to cause the integrator output to 
return to zero. The time required for the output to return to 
zero is proportional to the input signal and is between 0 and 
2000 internal clock periods. The digital reading displayed is 


VIN 
VREF 


~1000 


Digital Section 


The TSC7126A contains all the segment drivers necessary to 
directly drive a 3-1/2 digit liquid crystal display (LCD). An 
LCD backplane driver is included. The backplane frequency 
is the external clock frequency divided by 800. For three con- 
versions/second the backplane frequency is 60 Hz witha5 V 
nominal amplitude. When a segment driver is in phase with 
the backplane signal the segment is “OFF.” An out of phase 
segment drive signal causes the segment to be “ON” or visible. 
This AC drive configuration results in negligible DC voltage 
across each LCD segment. This insures long LCD display life. 
The polarity segment driver is “ON” for negative analog inputs. 
If VIN and Vin are reversed this indicator would reverse. 


On the TSC7126A when the test pinis pulled to V’ all segments 
are turned “ON.” The display reads -1888. During this mode 
the LCD segments have a constant DC voltage impressed. Do 
not leave the display in this mode for more than several min- 
utes. LCD displays may be destroyed if operated with DC 
levels for extended periods. 


The display FONT and segment drive assignment are shown in 
Figure 5. 


1000's 100’s aa a a irae 
DISPLAY FONT [ a. | 


o1e34ssie9 |-l & 8 § 


Figure 5: Display FONT and Segment Assignment. 
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System Timing 
The oscillator frequency is divided by 4 prior to clocking the 
internal decade counters. The three phase measurement 


cycle takes a total of 4000 counts or 16000 clock pulses. The 
4000 count cycle is independent of input signal magnitude. 


Each phase of the measurement cycle has the following length: 
® Auto-Zero Phase: 1000 to 3000 Counts 
(4000 to 12000 Clock Pulses) 
_ For signals less than full-scale the auto-zero phase is 
assigned the unused reference integrate time period. 


1000 Counts 
(4000 Clock Pulses) 
This time period is fixed. The integration period is: 


® Signal Integrate: 


Tey aod Wi 
fosc 


Where fosc is the externally set clock frequency. 


® Reference Integrate: 0 to 2000 Counts 
(0 to 8000 Clock Pulses) 


The TSC7126A is a drop in replacement for the TSC7126 and 
1CL7126 that offers a greatly improved internal reference 
temperature coefficient. No external component value 
Changes are required to upgrade existing designs. 


Component Value Selection 


Auto-Zero Capacitor - Caz 


The Caz capacitor size has some influence on system noise. 
A 0.33 wF capacitor is recommended for 200 mV full-scale 
applications where 1 LSB is 100 nV. A 0.033 uF capacitor is 
adequate for 2.0 V full-scale applications. A mylar type dielec- 
tric Capacitor is adequate. 


Reference Voltage Capacitor - Crer 


The reference voltage used to ramp the integrator output vol- 
tage back to zero during the reference integrate cycle is 
stored on Crer. A 0.1 uF capacitor is acceptable when Vin is 
tied to analog common. If a large common-mode voltage 
exists (VREF # analog common) and the application requires 
a 200 mV full-scale increase Crer to 1.0 uF. Rollovererror will 
be held to less than 0.5 count. A mylar type dielectric capaci- 
tor is adequate. 


Integrating Capacitor - CinT 


Cint should be selected to maximize integrator output vol- 
tage swing without causing output saturation. Due to the 
TSC7126A superior analog common temperature coefficient 
specification, analog common will normally supply the dif- 
ferential voltage reference. For this case a +2 V full-scale 
integrator output swing is satisfactory. For 3 readings/sec- 
ond (fosc = 48 kHz) a 0.047 value is suggested. For one read- 
ing per second 0.15 uF is recommended.|f a different oscil- 
lator frequency is used CintT must be changed in inverse 
proportion to maintain the nominal +2 V integrator swing. 


An exact expression for Cinrt is: 


TSC7126A 


1 V 

(4000) (__) (VFS) 

Biseacs _ fosc RINT 

INT =. . 

VINT 
Where: 


fosc = Clock frequency at Pin 38 

Ves = Full-scale input voltage © 

Rint = Integrating resistor’ . 

Vint = Desired full-scale integrator output swing 


At three readings per seccond, a 750 1 resistor should be 
placed in series with Cint. This increases accuracy by com- 
pensating for comparator delay. Cint must have low dielec- 
tric absorption to minimize roll-over error. An neABEneIS 
polypropylene capacitor is recommended. 


Integrating Resistor - RINT 


The input buffer amplifier and integrator are designed with 
class A output stages. The output stage idling current is 
6 wA. The integrator and buffer can supply 1 yA drive 
currents with negligible linearity errors. Rint is chosen to 
remain in the output stage linear drive region but not so large 
that printed circuit board leakage currents induce errors. For 
a 200 mV full-scale Rint i is 180 ko. A 2.0 V full-scale requires 
18m. — 


Component Nominal Full-Scale Voltage 
Value 200.0 mV | _ 2,000 V- 
Caz 0.33 uF 0.033 uF 
RINT : 180 ka 1.8 MO 
CINT 0.047 wF 0.047 uF 
Note: _ | 


1. fosc = 48 kHz (3 readings/sec) 


Oscillator Components 
Cosc should be 50 pF. Rosc is selected from the equation: 
0.45 


RC 
For a 48 Kriz clock (3 conversions/sec) lee = 180 kN. 


_fosc = 


MEASURED _ | Bur 


SYSTEM a 
VIN: 


VIN 


-ANALOG 


3 1/2 DIGIT A/D CONVERTER 


Note that fosc is divided by four to generate the TSC7126A 
internal control clock. The backplane drive signal is derived 
by dividing fosc by 800. 


To achieve maximum rejection of 60 Hz noise pickup, the 
signal integrate period should be a multiple of 60 Hz. Oscilla- 
tor frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 40 kHz, 
33 1/3 kHz, etc. should be selected. For 50 Hz rejection, 
oscillator frequencies of. 200 kHz, 100 kHz, 66 2/3 kHz, 
50 kHz, 40 kHz, etc. would be suitable. Note that 40 kHz (2.5 
readings/second) will reject both 50 and 60 Hz (also 400 and 
440 Hz). | 


Reference Voltage Selection 


A full-scale reading (2000 counts) requires the input signal 
be twice the reference voltage. 


Required Full-Scale Voltage * VREF 
200.0 mV 100.0 mv 
2.000 V 1.000 V 


*Ves=2 VREF 


In some applications a scale factorother than unity may exist 
between a transducer output voltage and the required digital — 
reading. Assume, for example, a pressure transducer output 
is 400 mV for 2000 Ib/in*. Rather than dividing the input vol- 
tage by two the reference voltage should be set to 200 mV. 
This permits the transducer input to be used directly. 


The differential reference can also be used when a digital 
zero reading is required when Vin is not equal to zero. This is 
common in temperature measuring instrumentation. A 
compensating offset voltage can be applied between analog 
common and Vin. The transducer output is connectee 
between Vin and analog common. 


Device Pin Functional Description 
Differential Signal. Inputs. 
(Vin (Pin 31), Vin (Pin 30)) 


The TSC7126A is designed with true differential inputs and 
accepts input signals within the input stage common-mode 


SEGMENT 
DRIVE 


LCD DISPLAY 


Caz VINT 


“9 18071264 


COMMON VREF VREF vt. 


GN 
POWER SOURCE 


‘Figure 6: Common-Mode Voltage Removed in Battery Operation with Vin = Analog Common ks 
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voltage range (Vcm). The typical range is V’ -1.0toV +1V. 
Common-mode voltages are removed from the system when 
the TSC7126A operates from a battery or floating power 
source (Isolated from measured system) and Vin is con- 
nected to analog common (Vcom): See Figure 6. 


In systems where common-mode voltages exist the 
TSC7126A 86 dB common-mode rejection ratio minimizes 
error. Common-mode voltages do, however, affect the inte- 
grator output level. Integrator output saturation must be 
prevented. A worse case condition exists if a large positive 
Vom exists in conjunction with a full-scale negative differen- 
tial signal. The negative signal drives the integrator output 
positive along with Vcm (Figure 7). For such applications the 
integrator output swing can be reduced below the recom- 
mended 2.0 V full-scale swing. The integrator output will 
swing within 0.3 V of V* or V’ without increased linearity 
error. 


INPUT 
BUFFER 


INTEGRATOR 


Ny 
Mirae [Vom 2 vin| 


where: 


= _ 4000 
T, = INTEGRATION TIME = face 


C; = INTEGRATING CAPACITOR 
Ry = INTEGRATING RESISTOR 


Figure 7: Common-Mode Voitage Reduces Available 
Integrator Swing. (Vcom ~ Vin) 


Differential Reference 
(Vrer (Pin 36), Vaer(Pin 39)) 


The reference voltage can be generated anywhere within the 
V* to V" power supply range. 


To prevent rollover type errors being induced by large 
_ common-mode voltages Crer should be large compared to 
stray node capacitance. 


The TSC7126A offers a significantly improved analog 
common temperature coefficient. This potential provides a 
very stable voltage suitable for use as a voltage reference. 
The temperature coefficient of analog common is 20 ppm/° C 
typically. 

Analog Common (Pin 32) 

The analog common pin is set at a voltage potential approxi- 
mately 3.0 V below Vv". The potential is guaranteed to be 
between 2.7 V and 3.35 V below V . Analog common is tied 


internally to an N channel FET capable of sinking 30 mA. This 


FET will hold the common line at 3.0 V should an external 
load attempt to pull the common line toward Wr Analog 
common source current is limited to 10 uA. Analog common 
is therefore easily pulled to a more negative voltage (i.e., 
below V~ -3.0 V). 


The TSC7126A connects the internal Vin and Vin inputs to 
analog common during the auto-zero cycle. During the 
reference integrate phase Vin is connected to analog com- . 
mon. If Vin is not externally connected to analog common, a 
common-mode voltage exists. This is rejected by the con- 
verters 86 dB common-mode rejection ratio. In battery 
operation analog common and Vin are usually connected 
removing common-mode voltage concerns. In systems 
where Vin is connected to the power supply ground or to a 
given voltage, analog common should be connected to VIN. 


The analog common pin serves to set the analog section 
reference or common point. The TSC7126A is specifically 
designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 
respect to the TSC7126A power source. The analog common 
potential of Vv" -3.0V gives a 7 V end of battery life voltage. 
The common potential has a 0.001%/% voltage coefficient and 
a 15 2 output impedance. 


With sufficiently high total supply voltage (V"-V >7.0 V) 
analog common is a very stable potential with excellent 
temperature stability - typically 35 ppm/°C. This potential 
can be used to generate the TSC7126A reference voltage. An 
external voltage reference will be unnecessary in most cases 
because of the 35 ppm/°C temperature coefficient. See 
TSC7126A Internal Voltage Reference discussion. 


Test (Pin 37) 


The test pin potential is 5 V less than V*. Test may be used as 
the negative power supply connection for external CMOS 
logic. The test pin is tied to the internally generated negative 
logic supply through a 500 1) resistor. The test pin load 
should be no more than 1 mA. See the applications section 
for additional information on using test as a negative digital 
logic supply. 

If test is pulled high to V’ all segments plus the minus sign will 
be activated. Do not operate in this mode for more than 
several minutes. With Test = V’ the LCD Segments are 
impressed with a DC voltage which will destroy the LCD. 


NO 
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SPECIFIED 


MAXIMUM 
SPECIFIED 
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Figure 8: Analog Common Temperature Coefficient 
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TSC7126A Internal Voltage Reference 


The TSC7126A analog common voltage temperature sta- 
bility has been significantly improved (Figure 8). The “A” 
version of the industry standard 7126 device will allow users 
to upgrade old systems and design new systems without 
external voltage references. External R and C values do not 
need to be changed. Figure 9 shows analog common supply- 
ing the necessary voltage reference for the TSC7126A. 


Applications Information 
Liquid Crystal Display Sources 


Several LCD manufacturers supply standard LCD displays to 
interface with the TSC7126A 3 1/2 digit analog-to- digital 
converter. 


Representative 
Manufacturer Address/Phone Part Numbers’ 
5282 Hudson Dr., 
Hudson, OH 44236 
216/655-2429 


AND 770 Airport Bivd., FE 0801 
Burlingame, CA 94010 FE 0203 
415/347-9916 


C5335, H5535, 
T5135, SX440 


Crystaloid 
Electronics 


EPSON 


3415 Kashikawa St., LD-B709BZ 
Torrance, CA 90505 =LD-H7992AZ 
213/534-0360 | 
Hamlin, Inc. 612 E. Lake St., 3902, 3933, 3903 
| Lake Mills, WI 53551 | 
414/648-2361 
Note: ; 


1. Contact LCD manufacturer for full product listing/specifications. 


Decimal Point and Annunciator Drive 


The test pin is connected to the internally-generated digital 
Jogic supply ground through a 500 2 resistor. The test pin 
may be used as the negative supply for external CMOS gate 
segment drivers. LCD display annunciators for decimal 
points, low battery indication, or function indication may be 
added without adding an additional supply. No more than 1 
‘mA should be supplied by the test pin. The test pin potential is 
approximately 5 V below Vv". 


Flat Package 


The TSC7126A is available in an epoxy 60-pin flat package. 
The “BQ” device leads are bent while the “SQ” device leads 
are unformed (straight). A test socket for the TSC7126ACSQ 
device is available: | 


3 1/2 DIGIT A/D CONVERTER 


SET Vref = 1/2 VEULL SCALE 


Figure 9: TSC7126A Internal Voltage Reference 


Connection 


F  \\s 
TSC7126A 


TO LCD 
BACK PLANE 


_ Simple Inverter for Fixed Decimal Point 
or Display Annunciator 


POINTS — 


Multiple Decimal Point or 
Annunciator Driver 


Part No.: IC 51-42 
Manufacturer: Yamaichi — 
Distribution: Nepenthe Distribution — 


2471 East Bayshore 
- Suite 520 
_ Palo Alto, CA 94043 
(415) 856-9332 
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Ratiometric Resistance Measurements 


The TSC7126A true differential input and differential refer- 
ence make ratiometric readings possible. In ratiometric 
operation, an unknown resistance is measured with respect 
to a known standard resistance. No accurately defined refer- 
ence voltage is needed. 


The unknown resistance is put in series with a known stan- 
dard and a current passed through the pair. The voltage 
developed across the unknown is applied to the inputand the 
voltage across the known resistor applied to the reference 
input. If the unknown equals the standard, the display will 
read 1000. The displayed reading can be determined from the 
following expression: 


RUnknown 
R Standard 


Displayed Reading = x 1000 


10% 


C1 = 3-10 pF VARIABLE, 
C2 = 132 pF VARIABLE 


TSC7126A 


The display will overrange for R Unknown 22 x R Standard. 


LCD DISPLAY 


Figure 10: Low Parts Count Ratiometric Resistance 
Measurement 
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3 1/2 Digit True RMS AC DMM 
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Vv 
VIN # 
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Vin TSC7126A 


Veg = 200 mv 


Figure 11: Temperature Sensor 
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Figure 12: Positive Temperature Coefficient Resistor 
Temperature Sensor 


3 1/2 DIGIT A/D CONVERTER 


TSC7I26A, 


~ CONSTANT 5 V 


"~ 


TSC9495 


TSC7126A | 


TEMPERATURE 
DEPENDANT 
OUTPUT 


Figure 13: Integrated Circuit Temperature Sensor 


Package Information 


_ (Package #17) ae 
40-Pin Plastic Dip (PL Package) 60-Pin Flat Package 


A, 


160 925. 
.060 (1.542) TYP. F 
+.002 (0.051) (4.064) (0.635) 


.012 + .001 


J IY e | (0.305 + 0.025) 
aa |e | ete ary — 


.070 .018 (0.457) 
(1.778) .020 (0.508) 


TYP. TYP. | : | 
40-Pin CerDIP ; ots 


PIN 1 INDICATION 
’ DIMPLE OR BUTTON 


“SQ” Package - Unformed Leads 
(Package #22) 


.054 + .004 


| a 0.590 n 
0.090 MIN. he MAX. ase 
5 


0.015 MIN. 


; ! 
.0075 | eae .050 + .006 


“BQ” Package - Formed Leads 
(Package #21) 
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The Analog Signal Processing Company™ 


TSC7129 © 


4 1/2 DIGIT A/D CONVERTER 
WITH ON-CHIP LCD DRIVERS 


FEATURES 

m Low Power Consumption: 500 vA at 9 V 

m +19,999 Count Resolution 

m 10 uV Resolution on 200 mV Scale 

m True Differential Input and Reference 

m™ Direct LCD Display Driver for 

— 4 1/2 Digits 

— Decimal Points 

— Low Battery Indicator 

— Continuity Indicator 

Overrange and Underrange Outputs 

10:1 Range Select Input 

High Common Mode Rejection Ratio: 110 dB 
External Phase Compensation Not Required 


Typical Operating Circuit 


LOW BATTERY CONTINUITY 


-/5995 


le et 


120 
IE scr kp ed 


2a}{22}123}}244| 2 |26} 27 [2629] 2] 2922] 2924] 35] >] >|] 3939] [a 
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* NOTE: RC Network Between Pins 26 and 28 is Not Required. See Page 5. 
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GENERAL DESCRIPTION 


The TSC7129 is a 4 1/2 digit analog-to-digital 
converter which directly drives a multiplexed liquid — 


crystal display. Fabricated in high-performance, low- 


power CMOS, the TSC7129 is designed specifically for ' 


high-resolution battery-powered digital multimeter 
applications. A complete analog measurement instru- 


ment requires only the TSC7129, a few passive compo-. | 
nents, a reference, an LCD display, .and a battery. | 


Power consumption is low: only 500 wA from a 9 volt 
battery. The traditional dual-slope method of A/D 
conversion has been enhanced with a successive 
integration technique to produce readings accurate to 
better than 0.005% of full-scale, and resolution down to 
10 wV per count. | 

The TSC7129 includes features inconent to 


multimeter applications. It detects and indicates low- | 
battery condition. A continuity output drives an annun- - 


ciator on the display, and can be used with an external 
driver to sound an audible alarm. Over- and under- 
range outputs and a range-change input provide the 


Pin Configurations 


han 


TSC7129 


41/2 DIGIT A/D CONVERTER 
WITH ON- CHIP LCD DRIVERS 


_- ability to create autoranging instruments. For snap- 
_ shot readings, the TSC7129 includes a latch-and-hold 
- input to freeze the present reading. This combination 


of features makes the TSC7129 the ideal choice for 
full-featured multimeter and digital measurement 
applications. . 


Ordering Information 


Part No. Pin Layout _ Package Temp. Range 
TSC7129CPL_ Normal = 40-pin Plastic DIP. 0 to 70°C 
TSC7129RCPL Reversed 40-pin Plastic DIP" 0 to 70°C 
TSC7129CJL . Normal 40-pin CerDIP 0 to 70°C 
TSC7129CKW Formed 44-pin Plastic Flat 0 to 70°C 
TSC7129CLW - 44-pin PLCC 0 to 70°C 
TSC7129CBQ Formed 60-pin Plastic Flat 0 to 70°C 
TSC7129CY - DICE Oto 70°C 
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Absolute Maximum Ratings 


Supply Voltage (V"toV) ..... ccc cece eee cece eee 15V 
Reference Voltage (REF Hl or REF LO) ............ V* to VV" 
Input Voltage (Note 1) (IN Hl orINLO) ............. V* to V7 
ViiSh chet ewe res aeeGuerenaes aerate V* to DGND - 0.3 V 
Digital Input Pins 

1, 2, 19, 20, 21, 22, 27, 37, 39,40 .......... DGND to V* 
Notes: 


1. Input voltages may exceed the supply voltages provided that input current is 
limited to £400 wA. Currents above this value may result in invalid display 
readings but will not destroy the device if limited to +1 mA. 

. Dissipation ratings assume device is mounted with all leads soldered to 
printed circuit board. 


nN 


Analog Input Pins 25, 29 30 ................. eee V* to V7 
Power Dissipation Plastic Package (Note 2) ....... 800 mW 
Operating Temperature Range .............. 0°C to +70°C 
Storage Temperature Range ............ -65°C to +160°C 
Lead Soldering Temperature (10 sec.) .............. 300°C 


Stresses above those listed under Absolute Maximum Ratings may cause per- 
manent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in 
the operational sections of the specifications is not implied. Exposure to Abso- 
lute Maximum Rating Conditions for extended periods may effect device 
reliability. 


Electrical Characteristics: v* to v-=9V, Vrer = 1.00 V. Ta = +25°C, for, = 120kHz, unless otherwise noted. 


TEST TSC7129 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
1 Zero Input Readin Mie -0000 0000 +0000 Counts 
g 200 mV Scale 
: : Vin = OV ce a ° 
2 Zero Reading Drift 0°C <T, <+70°C +0.5 LN/I°eC 
. F F Vin ad Vrer = 1000 mV 
3 Ratiometric Reading RANGE =2V 9997 9999 10000 Counts 
Vin = 0.10000 V on Low 
4 Range Change Accuracy Range + Vy = 1.0000 V 0.9999 1.0000 1.0001 Ratio 
on High Range 
! 5 RE Rollover Error —Vin = +Vin = 199 mV — 1.0 - 2.0 Counts 
NL Linearity Error 200 mV Scale — 1.0 — Counts 
U Input Common-Mode Vom = 1.0 V, Vi, =O V a = 
T 0 CMA Rejection Ratio 200 mV Scale " a0 dB 
input Common-Mode Vin = OV MW) +15 
6. SONNE Voltage Range 200 mV Scale (V*) -1.0 - 
Noise (p-p Value not Vin =O0V = = 
2 EN Exceeding 95% of Time) 200 mV Scale is ahd 
10) I Input Leakage Current Vin = OV, Pin 32, 33 — 1 10 pA 
Vin = 199 mV 
11 Scale Factor Tempco 0°Cc < T, << +70°C — 2 7 ppm/°C 
External Vace = 0 ppm/°C 
12. Voom COMMON Voltage V* to Pin 28 2.8 3.2 3.5 V 
13 COMMON Sink Current ACommon = +0.1 V — 0.6 — mA 
COMMON Source Current ACommon = -0.1 V — 10 — LA 
P . V* to Pin 36 
O 14 DGND Voltage VitoV-=9V 4.5 5.3 5.8 V 
= 15. DGND Sink Current ADGND = +0.5 V = 12 a mA 
R 16 Supply Voltage Range V* to V™ 6 9 12 V 
Supply Current Excluding + ab _ : 
17g COMMON Current V'toV =9V 0.5 1.0 mA 
18 Fe Clock Frequency — 120 360 kHz 
19 Vpisp Resistance Voisp to V* — 50 — kQ 
Low Battery Flag + 2 
ev Activation Voltage saa ce ne ad 4 
D 24 CONTINUITY Comparator Vour Pin 27 = HI 100 200 — mV 
’ Threshold Voltages Vout Pin 27 = LO a 200 400 
G 22 Pull-Down Current Pins 37, 38, 39 — 2 10 MA 
93 “Weak Output” Current Pin 20, 21 Sink/Source — 3/3 — A 
A Sink/Source Pin 27 Sink/Source — 3/9 — M 
L Pin 22 Source Current | _ 40 = 
; ae Pin 22 Sink Current — 3 _ ak 
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Pin Descriptions 


PIN, NAME 
1 OSC 
2 OSC3 
3 ANNUNCIATOR 
DRIVE 
4 By, Cy, CONT 
5 Ai, Gy, Dy. . 
7 Bo, Co, LO BATT 
B Ap, Go, Dp 
9 Fo, Ep, DPo 
10 Bg, Cz, MINUS 
il. Ae-Ge Dé 
12 Fs, Es, DP, 
13 By, Cy, BCs 
14 Ag,Dg, Gg 
15 Fy, E,4, DP, 
16 BP3 
17 BP2 
18 BP1 
19 Vpisp 
20 DP,/OR 
21 DP3/UR 
22. LATCH/HOLD 
23 V- 
246V" 
25 INTIN 
26 INT OUT 
27 CONTINUITY 
28 COMMON 
29. Crert 
30 Crer- 
31 BUFFER 
82 INLO 
33 =OINHI 
34 REF HI. 
35 REFLO 
36 DGND 
37 RANGE 
38 DP» 
39 DP, 
40 OSC2 


4 1/2 DIGIT A/D CONVERTER 
WITH ON-CHIP LCD DRIVERS 


FUNCTION 
Input to first clock inverter. 
Output of second clock inverter. 


Backplane squarewave output for driving annunciators. 


Output to display segments. 
Output to display segments. 
Output to display segments. 
Output to display segments. - 
Output to display segments. 
Output to display segments. 
Output to display segments. —_- 
Output to display segments. 
Output to display segments. 
Output to display segments. 
Output to display segments. 
Backplane #3 output to display. 
Backplane #2 output to display. 
Backplane #1 output to display. 


Negative rail for display drivers. 


INPUT: When HI, turns on most significant decimal point. 
OUTPUT: Pulled HI when result count exceeds +19,999. 


INPUT: Second most significant decimal point on when HI. 
OUTPUT: Pulled HI when result count is less than +1,000. 


INPUT: When floating, A/D converter operates in the free-run mode. When pulled HI, the last 
displayed reading is held. When pulled LO, the result counter contents are shown incrementing 
during the de-integrate phase of cycle. 

QUTPUT: Negative going edge occurs when the data latches are updated. Can be used for 
converter status signal. 


Negative power supply terminal. 

Positive power supply terminal, and positive rail for display drivers. 
Input to integrator amplifier. 

Output of integrator amplifier. 


INPUT: When LO, continuity flag on the display is off. When HI, continuity flag is on. 


OUTPUT: HI when voltage petween inputs is less than +200 mV. LO when voltage betwen meuls 
is more than +200 mV. 


Sets common-mode voltage of 3.2 V below V* for DE, 10X, etc. Can be used as pre-regulator 
for external reference. 


‘Positive side of external reference capacitor. 


Negative side of external reference capacitor. 

Output of buffer amplifier. 

Negative input voltage terminal. 

Positive input voltage. terminal. 

Positive reference voltage input terminal. 

Negative reference voltage input terminal. 

Ground reference for digital section. 

3 uA pull-down for 200 mV scale. Pulled HIGH = aera for2V scale. 
Internal 3 uA pull-down. When HI, decimal point 2 will be on. 
Internal 3 A pull-down. When HI, decimal point 1 will be on. 
Output of first clock inverter. input of second clock inverter. 
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Component Selection 


The TSC7129 is designed to be the heart of a high-resolution 
analog measurement instrument. The only required additional 
components are a few passive elements, a voltage reference, 
an LCD display, and a power source. Most component values 
are not critical; substitutes can be chosen based on the infor- 
mation given below. 


The basic circuit for a digital multimeter application is shown in 
Figure 3. See “Special Applications” below for variations. 
Typical values for each component are shown. The sections 
below give component selection criteria. 


Oscillator (Xosc, Co1, Coz, Ro) 

The primary criterion for selecting the crystal oscillator is to 
choose a frequency that achieves maximum rejection of line- 
frequency noise. To achieve this, the integration phase should 
last an integral number of line cycles. The integration phase of 
the TSC7129 is 10,000 clock cycles on the 200 mV range, and 
1,000 clock cycles on the 2 V range. Onc clock cycle is equal to 
2 oscillator cycles. For 60 Hz rejection, the oscillator frequency 
should be chosen so that the period of one line cycle equals the 
integration time for the 2 V range: 


1/60 second = 16.7 ms = 
1000 clock cycles * 2 osc cycles/clock cycle 
oscillator frequency 


TSC7129 


giving an oscillator frequency of 120 kHz. A similar calculation 
gives an optimum frequency of 100 kHz for 50 Hz rejection. 


The resistor and capacitor values are not critical; those shown 
work for most applications. In some situations, the capacitor 
values may have to be adjusted to compensate for parasitic 
capacitance in the circuit. The capacitors can be low-cost 
ceramic devices. 


Some applications can use a simple RC network instead of a 
crystal oscillator. The RC oscillator has more potential for 
jitter, especially in the least significant digit. See below under 
“RC Oscillator.” 


Integrating Resistor (R77) 

The integrating resistor sets the charging current for the inte- 
grating capacitor. Choose a value that provides a current 
between 5 and 20 pA at 2 volts, the maximum full-scale input. 
The typical value chosen gives a charging current of 13.3 yA: 


2V 
150 kQ 
Too high a value for Riy7 increases the sensitivity to noise 
pickup and increases errors due to leakage current. Toolowa 


value degrades the linearity of the integration, leading to inac- 
curate readings. 


ICHARGE = 13.3 uA 


LOW BATTERY CONTINUITY 
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Figure 3: Standard Circuit 
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Integrating Capacitor (Cy) 

The charge stored on the integrating capacitor during the 
integrate phase is. directly proportional to the input voltage. 
The primary selection criterion for Ciy7 is to choose a value 


that gives the highest voltage swing while remaining within the | 


high-linearity portion of the integrator output range. An inte- 
grator swing of 2 Vis the recommended value. The capacitor 
value can be calculated from the equation: 
Tint * | 
Cint = IN INT 

SWING 
where Tiyz is the integration time. Using the values derived 
above (assuming 60 Hz operation), the equation becomes 


16.7 ms * 13.3 WA 


Cint = we £01 uF 
2V : 


The capacitor should have low dielectric absorption to insure 


good integration linearity. Polypropylene and Teflon™ capaci- 
tors are usually suitable. A good measurement of the dielectric 
absorption is to connect the reference capacitor across the 
inputs by connecting: 


PIN to PIN 
20-33 (Crert to IN Hl) 
30--32  (Crer- to IN LO) 


A reading between 10000 and 9998 is acceptable; anything 
lower indicates unacceptable high dielectric absorption. 


‘Reference Capacitor (C,-,) 

The reference capacitor stores the reference voltage during 
several phases of the measurement cycle. Low leakage is the 
primary selection criterion for this component. The value must 
be high enough to offset the effect of stray capacitance at the 
capacitor terminals. A value of at least 1.0 uF is recommended. 


Voltage Reference (Drer, Rrer. Reias: Car) 


A TSC04 band gap reference provides a high stability voltage 


reference of 1.25 Volts. The reference potentiometer Rrer pro- 
vides an adjustment for adjusting the reference voltage; any 
value above 20 kQ is adequate. The bias resistor Rgjas limits 
the current through Dre_r to less than 150 wA. The reference 
filter capacitor Car forms an RC filter with Rejas to help elimi- 
nate noise. 


Input Filter (R,-, C,-) 


For added stability, an RC input noise filter is usually included 
in the circuit. The input filter resistor value should not exceed 
100 kQ. A typical RC time constant value is 16.7 ms to help 
reject line-frequency noise. The input filter capacitor should 
have low leakage for high impedance input. _ 


Battery 
The typical circuit uses a 9 volt battery as a power source. Any 
value between 6 and 12 volts can be used. For operation from 
batteries with voltages lower than 6 volts and for opera- 
tion from power supplies, see below under “Powering the 
TSC7129.” 
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Special Applications | 


The TSC7129 as a Replacement Part 


The TSC7129 is a direct pin-for-pin replacement part for the 
Intersil ICL7129. Note, however, that the Intersil part requires a 
capacitor and resistor between Pins 26 and 28 for phase com- 
pensation. Since the TSC7129 uses internal phase compensa- 
tion, these parts are not required and in fact must be removed 
from the circuit for stable operation. 


Powering the TSC7129 

While the most common power source for the TSC71 29isaQ 
volt battery, there are other possibilities. Some o the more 
common ones are explained Delow: 


Figure 4: Powering the TSC7129 from a +5 Voit Power. 
Supply 


+13.8Vto6V 


"~ 


TSC7660 


Figure 5: Powering the ieee from a Low-Voltage 
Battery 
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+5 Volt Power Supply 

Measurements are made with respect to power supply ground. 
DGND (Pin 36) is set internally to about 5 V less than V" (Pin 24); 
it is not intended as a power supply input and must not be tied 
directly to power supply ground. (it can be used as a reference 
for external logic, as explained in “Connecting to External 
Logic” below). See Figure 4. 


Low-Voltage Battery Source 

A battery with voltage between 3.8 V and 6 V can be used to 
power the TSC7129 when used with a voltage doubler circuit 
such as the one shown in Figure 5. The voltage doubler uses 
the TSC7660 DC to DC voltage converter and two external 
capacitors. 


DGND 


4~ 
TSC7129 


Figure 6: Powering the TSC7129 from a +5 V Power 
Supply 


+5 Volt Power Supply 

Measurements are made with respect to power supply ground. 
COMMON (Pin 28) is connected to REF LO (Pin 35). A voltage 
doubler is needed since the supply voltage is less than the 6 V 
minimum needed by the TSC7129. DGND (Pin 36) must be 
isolated from power supply ground. See Figure 6. 


Connecting to External Logic 

External logic can be directly referenced to DGND (Pin 36) 
provided the supply current of the external logic does not 
exceed the sink current of DGND (Figure 7). A safe value for 
DGND sink current is 1.2 mA. If the sink current is expected to 
exceed this value, a buffer is recommended. See Figure 8. 


TSC7129 


EXTERNAL 
LOGIC co 


TSC7129 


Se ana ENReREEEEEene _ooad 


Figure 7: External Logic Referenced Directly to DGND 


ma 


TSC7129 


Figure 8: External Logic Referenced to DGND with 
Buffer 


Temperature Compensation 

For most applications, Vpjsp (Pin 19) can be connected directly 
to DGND (Pin 36). For applications with a wide temperature 
range, some LCD displays require that the drive levels vary with 
temperature to maintain good viewing angle and display con- 
trast. Figure 9 shows two circuits that can be adjusted to givea 
temperature compensation of about 10 mV/°C between V" 
(Pin 24) and Vpisp. The diode between DGND and Vpjsp should 
have a low turn-on voltage because Vpisp cannot exceed .3 V 
below DGND. 
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Figure 9: Temperature Compensating Circuits 


RC Oscillator 

For applications in which 3 1/2 digit (100 uV) resolution is 
sufficient, an RC oscillator is adequate. A recommended value 
for the capacitor is 51 pF. Other values can be used as long as 
they are sufficiently larger than the circuit parasitic capacit- 
ance. The resistor value is calculated from 


0.45 
freq * C 


For 120 kHz frequency and C= 51 pF, the calculated value of R 
‘is 75.kQ. The RC oscillator and the crystal oscillator circuits 
are shown in Figure 10. . 


— 
TSC7129 


a 


Zan 


.TSC7129 


Figure 10: Oscillator Circuits 
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“i~ 
TSC7129 


Voise 


Measuring Techniques 


Two important techniques are used in the TSC7129: succes- 
sive integration and digital auto-zeroing. Succesive integra- 
tion is a refinement to the traditional dual slope conversion 
technique. ars: 


Dual Slope Conversion 

A dual slope conversion has two basic. phases: integrate and 
de-integrate. During the integrate phase, the input signal is 
integrated for a fixed period of time; the integrated voltage level 
is thus proportional to the input voltage. During the deintegrate 
phase, the integrated voltage is ramped down at a fixed slope, 
and a counter counts the clock cycles until the integrator 
voltage crosses zero. The count is a measurement of the time 
to ramp the integrated voltage to zero, and is therefore propor- 
tional to the input voltage being measured. This count can then 
be scaled and displayed as a measurement of the input vol- 
tage. Figure 11 shows the phases of the dual slope conversion. 


Kis 

a i 
= | ib 

INTEGRATE >| DEINTEGRATE——3| 


ZERO CROSSING 


Figure 11: Dual Slope Conversion 
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l 
<4 INTEGRATE ———> |g. DEINTEGRATE aaa 


Figure 12: Accuracy Errors in Dual Slope Conversion 


The dual slope method has a fundamental limitation: The count 
can only stop on a clock cycle, so that the measurement 
accuracy is limited to the clock frequency. In addition, a delay 
in the zero-crossing comparator can add to the inaccuracy. 
Figure 12 shows these errors in an actual measurement. 


Successive Integration 

The successive integration technique picks up where dual 
slope conversion ends. The overshoot voltage shown in Figure 
12, called the “integrator residue voltage,” is measured to 
obtain a correction to the initial count. Figure 13 shows the 
cycles in a successive integration measurement. 


The waveform shown is for a negative input signal. The 
sequence of events during the measurement cycle is: 


Phase 


INT1 


Description 


Input signal is integrated for fixed time. (1000 
clock cycles on 2 V scale, 10000 on 200 mV) 


Integrator voltage is ramped to zero. Counter 
counts up until zero crossing to produce 
reading accurate to 3 1/2 digits. 

Residue represents an overshoot of the actual 
input voltage. 


Rest; circuit settles. 


Residue voltage is amplified 10 times and 
inverted. 


Integrator voltage is ramped to zero. Counter 
counts down until zero crossing to correct 
reading to 4 1/2 digits. 

Residue represents an undershoot of the 
actual input voltage. 


Rest; circuit settles. 


Residue voltage is amplified 10 times and 
inverted. 


Integrator voltage is ramped to zero. Counter 
counts up until zero crossing to correct 
reading to 5 1/2 digits. 

Residue is discarded. 


DE1 


REST 
X10 


DE2 


REST 
X10 


DE3 


OVERSHOOT DUE TO ZERO 
CROSSING BETWEEN CLOCK PULSES 


INTEGRATOR RESIDUE VOLTAGE 


OVERSHOOT CAUSED BY 
COMPARATOR DELAY OF 
1 CLOCK PULSE 


CLOCK PULSES 


ZERO DE, 
INTEGRATE INT, DE- REST REST 
AND LATCH! INTEGRATE | INTEGRATE | | x10 |DE3 ' ZERO INTEGRATE 
err ae ee aac acs GB 
| | | 


| 
| 
| 
| 


SHADED AREA GREATLY EXPANDED GE 
IN TIME AND AMPLITUDE S ft 


Figure 13: Integrator Waveform 


Digital Auto-Zeroing 

To eliminate the effect of errors caused by amplifier offsets, the 
TSC7129 uses a digital auto-zeroing technique. After the input 
voltage is measured as described above, the measurement is 
repeated with the inputs shorted internally. The reading with 
inputs shorted is a measurement of the internal errors and is 
subtracted from the previous reading to obtain a corrected 
measurement. Digital auto-zeroing eliminates the need for an 
external auto-zeroing capacitor used in other A-to-D 
converters. 


Inside the TSC7129 
Figure 14 shows a simplified block diagram of the TSC7129. 


Integrator Section 

The integrator section includes the integrator, comparator, 
input buffer amplifier, and the analog switches used to change 
the circuit configuration during the separate measurement 
phases described earlier. "a 
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i in bees 
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a cae | 
: 
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| 
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| 


VV 


9 UP/DOWN RESULTS COUNTER 
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CONTROL LOGIC 


i 

| 

| 

| 

I 

j 

| 

| 
| 
| 

| 

| 

| 

| 
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| 
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I 


_e 


DP2 
UR/DP3 
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| 
| 
ANALOG SECTION 


REF HI 
REF LO 


1 
| 
( 
| 
rN 
A INT OUT” 


TSC7129 INT IN 


COMPARATOR 1 


. 4 : , , 
TO DIGITAL 
SECTION 
BUFFER “INTEGRATOR 


COMPARATOR 2 


. COMMON 


INT, INT, 


© 


- B00 ke 
px cS “e 
W) CONTINUITY TSC7129 ao 
200 mV COMPARATOR _ DISPLAY 
CONTINUITY O— : —> DRIVER 


Figure 15: Integrator Block Diagram 


7-278 


PRODUCT INFORMATION 


Table X. Switch Legends 


Label Meaning 

DE Open during all deintegrate phases. 

DE- Closed during all deintegrate phases when 
input voltage is negative. 

DE+ Closed during all deintegrate phases when 
input voltage is positive. 

INT4 Closed during the first integrate phase 
(measurement of the input voltage). 

INT2 Closed during the second integrate phase 
(measurement of the amplifier offset). 

INT Open during both integrate phases. 

REST Closed during the rest phase. 

Zl Closed during the zero-integrate phase. 

X10 Closed during the X10 phase. 

X10 Open during the X10 phase. 


The buffer amplifier has a common mode input voltage range 
from 1.5 V above V’ to 0.5 V below V’". The integrator amplifier 
can swing to within 0.3 V of the rails, although for best linearity 
the swing is usually limited to within 1 V. Both amplifiers can 
supply up to 80 vA of output current but should be limited to 20 
HA for good linearity. 


BUFFER 


~ 


TSC7129 


COMMON QO 


TO DISPLAY 
DRIVER 


| 
{ 
| 
| 

CONTINUITY © 
{ (NOT LATCHED) 
| 


Figure 16: Continuity Indicator Circuit 


Continuity Indicator 

A comparator with a 200 mV threshold is connected between 
INPUT HI and INPUT LO pins. Whenever the voltage between 
the inputs is less than 200 mV, the CONTINUITY output (Pin 27) 
will be pulled high, activating the continuity annunciator on the 
display. The CONTINUITY pin can also be used as an input to 
drive the continuity annunciator directly from an external 
source. A schematic of the input/output nature of this pin is 
shown in Figure 17. 
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DP4/OR PIN 20 
DP3/UR PIN 21 


LATCH/HOLD PIN 22 
CONTINUITY PIN 27 


Figure 17: Input/Output Pin Schematic 


Common and Digital Ground 

The COMMON and DGND outputs are generated from internal 
zener diodes. The voltage between V* and DGND is the internal 
supply voltage for the digital section of the TSC7129. COM- 
MON can source approximately 12 uA; DGND has essentially 
no source capability. 


BATTERY 


Lf SECTION 
p 


Figure 18: Digital Ground (DGND) and COMMON 
Outputs 


Low Battery 

The low battery annunciator turns on when the supply voltage 
between V* and V" drops below 6.8 V. The internal zener has a 
threshold of 6.3 V. When the supply voltage drops below 6.8 V, 
the transistor tied to V’ turns off, pulling the “Low Battery” 
point high (Figure 18). 


Sequence and Results Counter 

A sequence counter and associated control logic provide the 
signals that operate the analog switches in the integrator sec- 
tion. The comparator output from the integrator gates the 
results counter. The results counter is a six-section up/down 
decade counter which holds the intermediate results from 
each successive integration. 


TSC7129 


Overrange and Underrange Outputs 

When the results counter holds a value greater than +19,999, 
the DP4/OR output (Pin 20) is driven high. When the results 
_ counter value is less than +1000, the DP3/UR output (Pin 21) 
is driven high. Both signals are valid on the falling edge of 
LATCH/HOLD and do not change until the end of the next 
- conversion cycle. The signals are updated at the end of each 
conversion unless the LATCH/HOLD input (Pin 22) is held 
high. Pins 20 and 21 can also be used as inputs for external 
control of decimal points 3 and 4. Figure 17 shows a schematic 
of the input/output nature of these pins. 


Latch/Hold 

The LATCH/HOLD output (Pin 22) goes.low during the last 100 
cycles of each conversion. This pulse latches the conversion 
data into the display driver section of the TSC7129. This pin 
can also be used as an input. When driven high, the display will 
not be updated; the previous reading is displayed. When driven 
low, the display reading is not latched; the sequence counter 
reading will be displayed. Since the counter is counting much 
faster than the backplanes are being updated, the reading 
shown in this mode is somewhat erratic. 


Display Driver 

The TSC7129 drives a triplexed liquid crystal display with three 
backplanes. The LCD display can include decimal points, 
polarity sign, and annunciators for continuity and low battery. 
Figure 19 shows the assignment of the display segments to the 
backplanes and segment drive lines. The backplane drive fre- 
quency is obtained by dividing the oscillator frequency by 
1200. This results in a backplane drive frequency of 100 Hz for 
60 Hz operation (120 kHz crystal) and 83.3 Hz for 50 Hz opera- 
_ tion (100 kHz crystal). — 


Backplane waveforms are shown in Figure 20. These appear 
on outputs BP1, BP2, BP3 (Pins 16, 17, 18). They remain the 
- game regardless of the segments being driven. 


F4, Eq, DP, 
Ay, Gq, Dy 
Bg, C4, BCs 
Fy, £3, Pg — 
A3, G3, D3 
Bg C3, MINUS 


Figine’ 19: Display Segment Assignwenig 
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Other display output lines (Pins 4 through 15) have waveforms 
that vary depending on the displayed values. Figure 21 showsa 
set of waveforms for the AGD outputs (Pins 5, 8, 1%, 14) for 
several combinations of “on” segments. 


The ANNUNCIATOR DRIVE output (Pin 3) is a square-wave 
running at the backplane frequency (100 or 83.3 Hz) with a 
peak-to-peak voltage equal to DGND voltage. Connecting an 
annunciator to Pin 3 turns it on; connecting it to its pahpane 
turns it off. 


BACKPLANE 
BP2 CONNECTIONS 


LOW ~~) CONTINUITY 


8, Cy, CONTINUITY 
Ay, Gy, Dy 

Fy, £4, DP, 

By, Co, LOW BATTERY 
Ag, G2, Do ; 
Fo, Ep, DP, 
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ANALOG-TO-DIGITAL CONVERTER 


STROBE 
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DIG. GND 
+ Fae 
CLOCK Ex 


REF CAP+ 


~ INPUT 


INPUT O.1nF 
O 


FEATURES 

m Low Rollover Error ....... +1 Count Maximum 
m Guaranteed +1 Count Maximum Error 

m Guaranteed Zero Reading for 0 V Input 

@ True Polarity Indication at Zero for Null Detection 
= Multiplexed BCD Data Output. 

= TTL Compatible Outputs 

m Differential Input 

m Control Signals Permit Interface to UARTS and 


pt-Processors 


m Auto-ranging Supported with Over and Underrange 
Signals 

= Blinking Display Visually Indicates Overrange 
Condition 

mw Low Input Current ...... re ee er 1 pA 

m Low Zero Reading Drift ............... 2 uv/°C 

m@ Interface to TSC7211A, TSC7212A, and TSC700A 


Display Drivers 
m Available in Compact Flat Package and PLCC 


4 1/2 DIGIT LCD DISPLAY 


ae eeae 


11615 14 12 [ree ree 4 
CD4054A 


7 8 1311109 2 6 


~~ BACKPLANE 


120kHz = 3 READING/SEC 


“We 
TSC7211A4 


SEG 
OUT 
OPTIONAL 
it saad 
36 


35 
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GENERAL DESCRIPTION 
The TSC7135 4 1/2 digit analog converter 


offers 50 ppm (1 part in 20,000) resolution with a - 


maximum linearity error of 1 count. An auto-zero cycle 
reduces the zero error to below 10 pV and zero drift to 
0.5 uV/°C. Source impedance error sources are mini- 
mized by a 10 pA maximum input current. Rollover 
error is limited to +1 count. | | | | 
By combining the TSC7135 with a TSC7211A 
(LCD), TSC7212A (LED) or TSC700A (High LED 
Segment Current) driver a 4 1/2 digit display DVM or 
DPM can be constructed. Overrange and underrange 
signals support automatic range switching and special 
display blanking/flashing applications. 
| _ Microprocessor based measurement systems 
are supported by the 1SC7135 Busy, Strobe and 
Run/HOLD control signals. Remote data acquisition 
systems with data transfer via UARTs are also possible. 
The additional control pins and multiplexed BCD 
outputs make the TSC7135. the ideal converter for 


_display.or u-processor based measurement systems. 


Ordering Information 


Temperature 
Part No. Package Range 
TSC7135CuJl 28-Pin CerDIP 0°C to +70°C 
TSC7135CPI 28-Pin Plastic 0°C to +70°C 
60-Pin Plastic 
TSC7135CBQ Flat Package w/ 0°C to +70°C 
Formed Leads 
TSC7135CLI 28-Pin PLCC 0°C to +70°C 


4 1/2 DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 


Pin Configuration 


[2a] UNDERANGE © 
| 27 | OVERANGE 


ANALOG COMMON | 3 | STROBE 
INT OUT] 4 | 25 | RUN/HOLD 
AZ IN| 5 | | 24 | DIGITAL GROUND 
BUFF OUT[ | [23] POLARITY 
TSC7135 
REF CAP 122| CLOCK IN 
REF CAP+{ 8 | | 21] BUSY 
—INPUT [9 | | 20] (LSD)D1 
+tNPUT | 10 | 119} D2 
v* [a4] f18| D3 
(MSD)D5 | 12 | 117] D4 
(L$B8)81[13] 116] (MSB)B8 
B2 [14 | . 15] 84 


a 
Sess sae gez22 2 2 


NOTES: 

1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE 
PINS 1S APPROXIMATELY V*. NO EXTERNAL CONNECTIONS SHOULD BE MADE. 
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Absolute Maximum Ratings (Note 1) 


Positive Supply Voltage ........... cece eee eee eee +6 V Operating Temperature Range ............ 0°C to +70°C 
Negative Supply voltage ................. poe eee “OV Storage Temperature Range .......... -65°C to +160°C 
Analog Input Voltage (Pin 9 or 10) ..... V toV (Note 2) Soldering Lead Temperature (10 Seconds) ....... 300° C 
Reference Input Voltage (Pin 2) ................ V_ to Mi CerDIP(J) Package Power Dissipation .............. 1W 
Clock Input Voltage ........... cc cece eee ee eee OVto V Plastic(P) Package Power Dissipation ............. 0.8 W 
Electrical Specifications: Ts = 25°C, fcLock = 120 kHz, V7 =5.0V,V =-5V 
TEST TSC7135: 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
Display Reading with i as Display 
A 1 Zero Volt Input Note 3,4 0.0000 +0.0000 +0.0000 Reading 
N 
Zero Reading VIN=OV _ ° 
2 oN Temperature Coefficient Note 5 oe a 
O Full Scale VIN=2V x 
G 3 TCrs Temperature Coefficient Notes 5,6 ae = 2 pert 
4 NL Nonlinearity Error Note 7 — 0.5 1 count 
s Differential 
E 5 DNL Note 7 — 0.01 — LSB 
Cc Linearity Error 
T Display Reading In Vin = VREF i Display 
; - Ratiometric Operation Note 3 102886" <F00289 or) 0000 Reading 
O 
+ Full Scale Symmetry -VIN = +VIN 
+ ae 
” O aanee Error (Rollover Error) Note 8 ue ; oN 
8  IiN Input Leakage Current Note 4 — 1 10 pA 
Peak-to-Peak 
9 VN Noise Value not exceed — 15 — pVp-p 
95% of time 
10s INL Input Low Current VIN=OV — 10 100 uA 
Ds 11. INH Input High Current ViN= +5 V — 0.08 10 uA 
1E 12 = 42Vor Output Low Voltage lol = 1.6 mA _ 0.20 0.40 V 
GC ; 
Output High Voltage 
13 OV = A 4 4.4 5.0 V 
aT Of (Bi, Ba, Ba, Bs, D1- Ds) [OH 1™ s 
AO Output High Voltage 
LN 14 Vou (Busy, Polarity, Overrange, loH = 10 pA 4.9 4.99 5.0 V 
Underrange, Strobe) 
15 fcLk Clock Frequency Note 11 0 100 1200 kHz 
5 _16 v" Positive Supply Voltage 4 5 6 V 
ou 177 VO Negative Supply Voltage -3 -5 -8 V 
We 1 6 Positive Supply Current fotk = 0 Hz — 1.0 3.0 mA 
= L 19 =#- Negative Supply Current  fcLk = 0 Hz — 0.7 3.0 mA 
* 20 Pd Power Dissipation foLtk = 0 Hz — 8.5 30 mW 
Notes: 


1. Functional operation is not implied. 

. Limit input current to under 100 yA if input voltages exceed supply voltage. 
. Full Scale Voltage = 2.000 V. 

Vin = 0.0000 V. 

. OCS Tas +70°C. 

. External Reference Temperature Coefficient less than 0.01 ppm/°C. 


On p wo NM 


TSC7135 


7. -2V < Vin S$ +2 V. Error of reading from best fit straight line. 
8. [Vin| = 1.9959. 
9. Test Circuit shown in Figure 1. 
10. 
material to protect devices form static discharge and static fields. 
11. 


Static Sensitive Device. Unused devices must be stored in conductive 


Specification related to clock frequency range over which the TSC7135 


correctly performs its various functions. Increased errors result at higher ° 


operating frequencies. 
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Test Circuits 
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Figure 2: TSC7135 Digital Logic Input 
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Figure 3A: TSC7135 Analog Circuit Function Diagram 
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Figure 3B: TSC7135 System Zero Phase 
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Figure 3C: TSC7135 Input Signal Integration Phase 
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Figure 3E: TSC7135 Integrator Output Zero Phase 
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General Theory of Operation 
Dual Slope Conversion Principles 


The TSC7135 is a dual slope, integrating analog to digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC7135 opera- 
tion theory. 


The conventional dual slope converter measurement cycle 
has two distinct phases: 


@ Input Signal Integration 
® Reference Voltage Integration (Deintegration) 


The input signal being converted is integrated for a fixed time 
period. Time is measured by counting clock pulses. An op- 
posite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The refer- 
ence integration time is directly proportional to the input 
signal. 


In a simple dual slope converter a complete conversion re- 
quires the integrator output to “ramp-up” and “ramp-down.” 
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L—-+t SWITCH DRIVER 


PHASE CONTROL 


POLARITY CONTROL 


DISPLAY (L— COUNTER 
i. Vin * VFULLSCALE 
GSES Vin ~ 1/2 VEULLSCALE 


FIXED ae 


SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 


Figure 3: Basic Dual Slope Converter 


INTEGRATOR OUTPUT 


Table 1: Internal Analog Gate Status 


Conversion 
Cycle Phase 


SW SWal | SWri 
System 
zero 


Input Signal 


Integration Closed 


Reference 
Voltage 
Integration 


Closed* 


Integrator 
Output 
Zero 


Internal Analog Gate Status 


SWz 
Closed 


TSC7135 


A simple mathematical equation relates the input signal, 
reference voltage and integration time: 


TsI 
Vr Tri 
RC 


s 
Zz 
= 
Q. 
Comal 
| 


where: 
Vr = Reference Voltage 
Ts! = Signal Integration Time (Fixed) 
Tri = Reference Voltage Integration Time (Variable) 


For a constant VIN: 


TRI 


TsI 


VIN = VR 


The‘ dual slope converter accuracy is unrelated to the inte- 
grating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated or averaged to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes- 
sive approximation converters in high noise environments. 


TSC7135 Operation Theory 


The TSC7135 incorporates a system zero and integrator out- 
put voltage zero phase to the normal two phase dual slope 
measurement cycle. Reduced system errors, fewer calibration 
steps and a shorter overrange recovery time result. 


The TSC7135 measurement cycle contains four phases: 


® System Zero 

® Analog Input Signal Integration 
® Reference Voltage Integration 
® Integrator Output Zero 


Internal analog gate status is shown in Table 1 for each phase. 


Reference 


Schematic 
SWrR SW SWiz 


Closed Closed 3A 


3B 


Closed 3C 


Closed Closed 


Note: “Assumes a positive polarity input signal. Swal would be closed for a negative input signal. 
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System Zero Phase (Figure 3B) 
During this phase errors due to buffer, integrator and com- 
parator offset voltages are compensated for by charging Caz 


(auto-zero capacitor) with a compensating error voltage. With 
a zero input voltage the integrator output will remain at zero. 


The external input signal is disconnected from the internal 
circuitry by opening the two SW: switches. The internal 
input points connect to analog common. The reference 
capacitor charges to the reference voltage potential through 
SWr. A feedback loop, closed around the integrator and 
comparator, charges the Caz capacitor with a voltage to 
compensate for buffer amplifier, integrator and comparator 
offset voltages. 


Analog Input Signal Integration Phase 
(Figure 3C) | 


The TSC7135 integrates the differential voltage between the 
+ Input and - Input. The differential voltage must be within 
the device common-mode ange: -1 V from either supply rail 
typically. 


The input signal polarity is determined at the end of this 
phase. 


Reference Voltage Integration (Figure 3D) 


The previously charged reference. capacitor is connected 
with the proper polarity to ramp the integrator output back to 
zero. The etgiiat reading displayed is: 


Reading = 10,000 §- 
VREF 


Differential Input i 


Integrator Output Zero (Figure 3E) 


This phase guarantees the integrator output is at zero volts 
when the system zero phase is entered and that the true sys- 
tem offset voltages are compensated for. This phase normally 
lasts 100 to 200 clock cycles. If an .overrange condition exists 
the phase is extended to 6200 clock cycles. 


Analog Pin Functional Description 
Differential Inputs (+ Input (Pin 10) and -input (Pin 9)) 


The TSC7135 operates with differential voltages within the 

input amplifier common-mode range. The input amplifier 

common-mode range extends from 0.5 V below the positive 

supply to 1.0 V above the negative supply. Within this com- 

mon-mode voltage range an 86 dB common-mode rejection 
ratio is typical. 


4 1/2 DIGIT PRECISION 
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The integrator output also follows the common-mode vol- 
tage. The integrator output must not be allowed to saturate. 
A worst case condition exists, forexample, when a large posi- 
tive common-mode voltage with a near full scale negative 
differential input voltage is applied. The negative input signal 
drives the integrator positive when most of its swing has been 
used up.by the positive common-mode voltage. For these cri- 
tical applications the integrator swing can be reduced to less 
than the recommended 4 V full scale swing with some loss of 
accuracy. The integrator output can swing within 0.3 volts of 
either supply without loss of linearity. 


Analog Common (Pin 3) | 


Analog COMMON is used as the -Input return during auto- 
zero and de-integrate. If -Input is different from analog 
COMMON, a common-mode voltage exists in the system. 
This signal is rejected by the excellent CMRR of the conver- 
ter. In most applications -Input will be set at a fixed known 
voltage (power supply common for instance). In this applica- 
tion, analog COMMON should be tied to the same point, thus 
removing the common-mode voltage from the converter. The 
reference voltage is referenced to analog COMMON. 


Reference Voltage (REF IN (Pin 2)) 


The REF IN reference voltage input must be a positive voltage 
with respect to analog COMMON. Two reference voltage cir- 
cuits are shown in Figure 4. 


6.8 kQ 


6.8 VOLT a> 
ZENER 
REF IN TSC04 
REF IN 
yO yO 


TSC7135 TSC7135 


1.2V 
REFERENCE 


ANALOG 
COMMON 


ANALOG GROUND 


Figure 4: Using an External Reference 


The TSC7135 digital section is shown in ae 5. Timing 
relationships are shown in Figure 6. 
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O 
POLARITY | D5 


FROM MSB ~—— DIGIT DRIVE SIGNAL ——+LSB 

ANALOG 

SECTION DATA 
MULTIPLEXER OUTPUT 


ti 
pase 


O O) O O 
DIGITAL CLOCK RUN OVER UNDER 


“STROBE — BUSY 
GND IN HOLD RANGE RANGE 


INTEGRATOR 
OUTPUT 


SYSTEM | SIGNAL REFERENCE 


ZERO cg INTEGRATE 
10,001/ 20,001/ 
COUNTS | COUNTS 
(FIXED) 
~4—— FULL MEASUREMENT CYCLE __y 
40,002 COUNTS 


COUNTS (MAX.) 


OVERRANGE 
WHEN APPLICABLE 
UNDE RRANGE 
WHEN APPLICABLE 


| EXPANDED SCALE | 
BELOW 


picit scan [] nN nN a 
sf eevee © (Ramee! (| er 

eas 9 Smee fy eee im 

n n re 

See ee Lees fy 


| 1001 “FIRST 05 OF SYSTEM ZERO 
COUNTS AND REFERENCE INTEGRATE 
ONE COUNT LONGER 


AUTO ZERO 
SIGNAL INTEGRATE 


REFERENCE © 


DIGIT SCAN INTEGRATE 


FOR OVERRANGE | LDS 


Figure 6: Timing Diagrams for Outputs 
TSC7135 Digital Section Functional 


Description 

The major digital subsystems within the TSC7135 are illus- 
trated in Figure 5 with timing relationships shown in Figure 6. 
The multiplexed BCD output data can be displayed on LCD 
or LED displays with the TSC700A (LED), TSC7211A (LCD), 
or TSC7212A (LED) four digit display drivers. 


The digital section is best described through a discussion of 
the control signals and data outputs. 


TSC7135 
Run/Hold Input (Pin 25) 


When left open this pin assumes a logic 1 level. With R/H= 1 
the TSC7135 performs conversions continuously with a new 
measurement cycle beginning every 40,002 clock pulses. 


When R/H changes to a logic 0 the measurement cycle in 
progress will be completed and data held and displayed as 
long as the logic 0 condition exists. 


A positive pulse (>300 ns) at R/H will initiate a new measure- 
ment cycle. The measurement cycle in progress when R/H 
initially assumed the logic “O” state must be completed before 
the positive pulse can be recognized as a single conversion 
run command. | 


The new measurement cycle begins with a 10,001 count 
auto-zero phase. At the end of this phase the busy signal 
goes high. 


Strobe Output (Pin 26) 


During the measurement cycle the STROBE control line is 
pulsed low five times. The five low pulses occur in the center 
of the digit drive signals (D1, D2, D3, Ds). (Figure 7) 


Ds (MSD) goes high for 201 counts when the measurement 
cycles end. In the center of the Ds pulse, 101 clock pulses 
after the end of the measurement cycle, the first STROBE 
occurs for one-half clock pulse. After the Ds digit strobe, D4 
goes high for 200 clock pulses. The STROBE goes low 100 
clock pulses after D4 goes high. This continues through the 
D1 digit drive pulse. 

The digit drive signals will continue to permit display scan- 
ning. STROBE pulses are not repeated until a new measure- 
mentis completed. The digit drive signals will not continue if 
the previous signal resulted in an overrange condition. 
The active low STROBE pulses aid BCD data transfer to 
UARTs, processors and external latches. See Application 
Note AN16. 


TSC7135 


OUTPUTS 
BUSY END OF CONVERSION 
B1- B8 
DS (MSD) D4 D3 D2 D1 (LSD) DS 
DATA DATA DATA DATA DATA DATA 


STROBE 


NOTE A NCE 
OF STROBE 


200 
COUNTS 


ope 201 (eran neem 's: (2 A acall 


COUNTS COUNTS 


eee) 2: |e 


COUNTS 


D3 a 200 _| 


COUNTS 


D2 _ 200 =) 


COUNTS 


ae 
D1 COUNTS 


* Delay between BUSY going ~ and first STROBE 
pulse is dependent on anaing in 


Figure 7: Strobe Signal Pulses Low 5 Times 
Per Conversion. 
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At the beginning of the signal integration phase BUSY goes 
high and remains high until the first clock pulse after the 
integrator zero crossing. BUSY returns to the logic “0” state 
after the measurement cycle ends in a overrange condition. 
The internal display latches are loaded during the first clock 
pulse after busy and are latched at the clock pulse end. The 
busy signal does not go high at the beginning of the measure- 
ment cycle which starts with the auto-zero cycle. 


Overrange Output (Pin 27) 


If the input signal causes the reference voltage integration 
time to exceed 20,000 clock pulses the overrange output is 
set to a logic 1. The overrange output register is set when 
BUSY goes low and is reset at the beginning of the next refer- 
ence integration phase. 


TSC7135 Digital Section Functional 
Description (Cont.) 


Underrange Output (Pin 28) 


If the output count is 9% of full scale or less (<1800 counts) 
the underrange register bit is set at the end of BUSY. The bit is 
set low at the next signal integration phase. 


Polarity Output (Pin 23) 


A positive input is registered by a logic 1 polarity signal. The 
polarity bit is valid at the beginning of reference integrate and 
remains valid until determined during the next conversion. 


The polarity bit is valid even for a zero reading. Signals less 
than the converters LSB will have the signal polarity deter- 
mined correctly. This is useful in null applications. 


Digit Drive Outputs (Pins 12, 17, 18, 19 & 20) 


Digit drive signals are positive going signals. The scan 
sequence is Ds to D1. All positive pulses are 200 clock pulses 
wide except D5 which is 201 clock pulses wide. 


All five digits are scanned continuously unless an overrange 
condition occurs. In an overrange condition all digit drives 
are held low from the final STROBE pulse until the beginning 
of the next reference integrate phase. The scanning se- 
quence is then repeated. This provides a blinking visual 
display indication. 


BCD Data Outputs (Pins 13, 14, 15 and 16) 


The binary coded decimal bits Bs, Ba, Bz, Bi are positive 
true logic signals. The data bits become active simultan- 
‘eously with the digit drive signals. In an overrange condition 
all data bits are at a logic “0” state. 


Applications Information 
Component Value Selection 


The integrating resistor is determined by the full scale input 
voltage and the output current of the buffer used to charge 
' the integrator capacitor. Both the buffer amplifier and the 
integrator have a class A output stage with 100 vA of quies- 
cent current. A 20 uA drive current gives negligible linearity 
errors. Values of 5 to 40 uA give good results. The exact value 
of integrating resistor for a 20 4A current is easily calculated. 
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full-scale voltage 


R = 
INT 20 uA 


Integrating Capacitor 


The product of integrating resistor and capacitor should be 
selected to give the maximum voltage swing which ensures 
that the tolerance build-up will not saturate the integrator 
swing (approx. 0.3 volt from either supply). For +5 volt 
supplies and analog COMMON tied to supply ground, a+3.5 
to +4 volt full scale integrator swing is adequate. A 0.10 uF to 


0. =e mF is recommended. In general, the value of CinT is given 


[10,000 x clock period] x lint 
Integrator output voltage swing 
(10,000) (clock period) (20uA) 
Integrator output voltage swing 


CINT = 


A very important characteristic of the integrating capacitor is 
that it has low dielectric absorption to prevent roll-over or 


‘ratiometric errors. A good test for dielectric absorption is to 


use the capacitor with the input tied to the reference. This ratio- 
metric condition should read half scale 0.9999. Any deviation is 
probably due to dielectric absorption. Polypropylene capaci- 


_ tors give undetectable errors at reasonable cost. Polystyrene 


and polycarbonate capacitors may also be used in less critical 
applications. 


_ Auto-Zero and Reference Capacitor 


The size of the auto-zero capacitor has some influence on 
the noise of the system. A large capacitor reduces the noise. 
The reference capacitor should be large enough such that 
stray Capacitance to ground from its nodes is negligible. | 


_ The dielectric absorption of the reference cap and auto-zero 
- Cap are only important at power-on or when the circuit is 


recovering from an overload. Smaller or cheaper caps can 
be used if accurate readings are not required for the first 
few seconds of recovery. 


Reference Voltage 


The analog input required to generate a full-scale output is 
Vin = 2 VREF. 


The stability of the reference voltage is a major factor in the 
overall absolute accuracy of the converter. For this reason, it 
is recommended that a high quality reference be used where 
high-accuracy absolute measurements are being made. Suit- 
able references are: 


Part Type Manufacturer | 
TSC9491 Teledyne SemconeUctor 
MC1400U2 Motorola © 


Conversion Timing 
Line Frequency Rejection 


A signal integration period at a multiple of the 60 Hz line fre- 
quency will maximize 60 Hz “line noise” rejection. 


A 100 kHz clock frequency will reiect both 50 Hz, 60 Hz and 
400 Hz noise. This corresponds to 2.5 readings per second. 
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Oscillator Frequency 
300 kHz, 200 kHz, 


Frequency Rejected 


150 kHz, 120 kHz, 100 kHz, 60 Hz 
40 kHz, 33 1/3 kHz 
250 kHz, 166 2/3 kHz, 50 Hz 


125 kHz, 100 kHz 
100 kHz 50 Hz, 60 Hz, 400 Hz 
Conversion Rate vs Clock Frequency 


Oscillator 
Frequency Conversion 
(kHz) Rate (Conv/Sec) 
100 20 
120 3 
200 5 
300 7.5 
400 10 
800 20 
1,200 30 


Power Supplies and Grounds 
Power Supplies 


' The TSC7135 is designed to work from +5 V supplies. The 

conditions to use a single +5 V supply are: 

@ The input signal is referenced to the center of the common 
mode range of the converter. 

®@ The signal is less than +1.5 volts. 


Grounding 


Systems should use separate digital and analog ground sys- 
tems to avoid loss of accuracy. 


Displays and Driver Circuits 


Teledyne Semiconductor manufactures three display 
decoder/driver circuits to interface the TSC7135 to LCD or 
LED displays. Each driver has 28 outputs for driving four 
seven segment digit displays. The TSC700A features 
increased LED segment drive current for greater display 
brightness. 


Device Package Description 
TSC7211AIPL 40 Pin Epoxy 4 Digit LCD Driver/Decoder 
TSC7212AIPL 40 Pin Epoxy 4 Digit LED Driver/Decoder 


TSC700AIJL 40 Pin CerDIP 4 Digit LED Driver/Decoder 
with high LED Segment 
Current (lsEq = 11 mA) 


Several sources exist for LCD and LED displays: 


Display 
Manufacturer Address Type 
Hewlett Packard 640 Page Mill Rd LED 
Components Palo Alto, CA 94304 
’ 19000 Homestead Rd. 
ICOM ING: Cupertino, CA 94010 RED 
ina 770 Airport Blvd. LCD and 


Burlingame, CA 94010 LED 


3415 Kanhi Kawa St. 


Epson America, Inc. Torrence, CA 90505 


LCD 


TSC7135 


High Speed Operation 


The maximum conversion rate of most dual-slope A/D con- 
verters is limited by the frequency response of the compara- 
tor. The comparator in this circuit follows the integrator ramp 
with a 3 ws delay, and at a clock frequency of 160 kHz (6 us 
period) half of the first reference integrate clock period is lost 
in delay. This means that the meter reading will change from 
0 to 1 with a 50 pV input, 1 to 2 with 150 pV, 2 to 3 at 250 nV, 
etc. This transition at mid-point is considered desirable by 
most users; however, if the clock frequency is increased 
appreciably above 160 kHz, the instrument will flash “1” on 
noise peaks even when the input is shorted. 


For many-dedicated applications where the input signal is 
always of one polarity, the delay of the comparator need not 
be a limitation. Since the non-linearity and noise do not 
increase substantially with frequency, clock rates of up to ~1 
MHz may be used. For a fixed clock frequency, the extra 
count or counts caused by comparator delay will be a con- 
stant and can be subtracted out digitally. 


The clock frequency may be extended above 160 kHz without 
this error, however, by using a low value resistor in series with 
the integrating capacitor. The effect of the resistor is to intro- 
duce a small pedestal voltage on to the integrator output at 
the beginning of the reference integrate phase. By careful 
selection of the ratio between this resistor and the integrating 
resistor (a few tens of ohms in the recommended circuit), the 
comparator delay can be compensated and the maximum 
clock frequency extended by approximately a factor of 3. At 
higher frequencies, ringing and second order breaks will 
cause significant non-linearities in the first few counts of the 
instrument. 


The minimum clock frequency is established by leakage on 
the auto-zero and reference caps. With most devices, mea- 
surement cycles as long as 10 seconds give no measurable 
leakage error. 


The clock used should be free from significant phase or fre- 
quency jitter. Several suitable low-cost oscillators are shown 
in the Applications section. The multiplexed output means 
that if the display takes significant current from the logic 
supply, the clock should have good PSRR. 


Zero-Crossing Flip-Flop 


The flip-flop interrogates the data once every clock pulse 
after the transients of the previous clock pulse and half-clock 
pulse have died down. False zero-crossings caused by clock 
pulses are not recognized. Of course, the flip-flop delays the 
true zero-crossing by up to one countin every instance, and if 
a correction were not made, the display would always be one 
count too high. Therefore, the counter is disabled for one 
clock pulse at the beginning of the reference integrate (de- 
integrate) phase. This one-count delay compensates for the 
delay of the zero-crossing flip-flop, and allows the correct 
number to be latched into the display. Similarly, a one-count 
delay at the beginning of auto-zero gives an overload display 
of 0000 instead of 0001. No delay occurs during signal inte- 
grate, so that true ratiometric readings result. 
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Application Circuits 


Gates are 74C04 
1 


— ’ Rp a 
—2C[0.41 Rp + 0.70R)] 


. If Ry = Ro = Ri, f= 0.55/RC 
-IfRo>>R1,f=0.45/RiC 
| If Ro << Ri, f = 0.72/RiC 


. f = 120 kHz, C = 420 pF 

~R1=R2= 109k 0 

. f = 120 kHz, C = 420 pF, Re 
Ri = 893k 0 . 


c. f = 120 kHz, C = 220 pF, Re 
R1=273kQ 0 © 


Figure A: R/C Oscillator 


Figure B: Comparator Clock Circuit 
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4 1/2 Digit ADC with Multiplexed Common Anode LED Display 


4] D1 b2 DS 


INT OUT 


D3 D4 


1.0 WF 
0.47 uF 5 


AZ IN 
100 k82 


BUFF OUT 


—“—~ 


120 kHz 22] _ 
. fin —-¥SC7135 


6 
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ZN oa) TSsc04 


100 k92 
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4 1/2 Digit ADC Interfaced to LCD Display with Digit Blanking on Overrange 


4-1/2 DIGIT LCD DISPLAY 
B x 


} i 
1/2 CD4030 i et ) ») Ls “ “ i} 
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CD4081} 


“~ 
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“~~ 


TSC7135 


100 kQ2 


ANALOG 
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4 1/2 Digit ADC with pope oe Cathode LED Display 


_ UNDERRANGE 


REF IN OVERRANGE 


ANALOG GND 


INT OUT 10 
1902 ,, 
: A-Z IN 
1.0 pF 
BUF OUT POLARITY 
100K. | cD4si3 
REF CAP— CLOCK IN 
+0 VF: 
REF CAP+ BUSY 


SIGNAL < 100 kQ2 
INPUT 


—INPUT —a—~ LSD D1 
0.1 uF 


O f= 120 kHz 
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Four Channel Data Acquisition System 


ADDRESS BUS 


CONTROL BUS 


DATA BUS +5V 


bid | 


V+ REF CAP BUF 


+15 V —15V 
GAIN: 10,20,50,100 9 9 


“7"~ 


O 
CHANNEL 1 
TSC7135 O 


O 
+ INPUT . CHANNEL 2: 


@ 
. CHANNEL 3 
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O 
CHANNEL 4 - 
O REF VOLTAGE O 


DIFFERENTIAL 
MULTIPLEXER 


GAIN SELECTION 


PBO PB1 PB2 PB3 


CHANNEL SELECTION 
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Negative Supply Voltage Generator 


zal 


TSC7135 


Output Voltage vs Output Current 


A negative voltage can be generated from the positive supply 
by using a hex inverter as a free running oscillator to drive a 
voltage doubler. The five inverters are paralleled to provide a 
low output impedance. Since the 4049 is a standard 4000 
CMOS part, the circuit can be operated from 3 to 15 volts. 
The 10 uF capacitors were used in order to minimize output 
ripple at low V+ voltages. When higher input voltages (V+) 


Package Outlines 


(Package #15) 
28-Pin Plastic Dip (J Package) 


13.97 (.550) 
ee 
ana | 5,40 (.606) 
.83 (1.450 __15.40 (606) 
afl — se 75.09 (594) 


508 may 
aa | a) /__.305 (.012) 
4,45 (.175) ~//~ "203 (.008) 
| 3.06 (120) 
1.66 (.065) __o|_ 508 (.02 


2 2.67 (.105) | 
381 (.015) | ae OBE) 5 


7.15 (045) 
(Package #19) 
28-Pin CerDIP 
q 0-825 (15,875) 
0.180 | 9.590 (14.986) 
0.140 
(4.572) | | 9.550 (13.970) 
~<—— 1.290 (32.766) MAX —> 3.964 
0.060 (1.524) ( (3. ra 0.510 (12.964) 
0.015 (0. vi 
0.015 (0.381) | 
0.008 (0.203) 
| 
0.200 (6.08) i | 
0.015 (0.382) ae 
“ee <= — | |< | |*— 


O (2,794) 0.070 (1.778) 0.023 (0.584) 


0.700 (17. 780) 
0.090 (2.286) 0.030 (0.762) 0.015 (0.381)|=— 


0.630 (16.002) 


4 1/2 DIGIT PRECISION 
ANALOG-TO-DIGITAL CONVERTER 
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are available the 10 uF capacitors can be lowered to 1 or 0.1 
uF depending on the output loading. If this circuit generates 
more voltage than is needed, one half of the diodes and capa- 
citors can be eliminated to reduce cost. The output voltage 
will then beone-half of that showniin the graph and is available 
on the negative side of the 10 uF capacitor connected to 
ground. 


60-Pin Flat Package 


a 
2: 
—_ 


PIN 7 INDICATION 
DIMPLE OR BUTTON 


“SQ” Package — Unformed Leads 


(Package #22) 
.054 + .004 \ ‘seat 
.047 + .004 = 


.050 + .006 .010 MIN 


“BQ” Package — Formed Leads 
(Package #21) 
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“9 TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ TS C71 36 


ee BOF A.) \ 
LOW POWER 3 1/2 DIGIT A/D CONVERTER 


- — 


FEATURES 


m Over-Range Recovery, Guaranteed First Reading 
Accuracy 

m Low Temperature Drift Internal Reference 

VSC19G6: he oo kcbe cases 70 ppm/°C (Typical) 

TSC7ISGA ..... wee eee. 35 ppm/°C (Typical) 

Guaranteed Zero Reading With Zero Input 

LOW NOISG: 22 0x esd eu arletewds eeees 15 uVp_p 

High Resolution (0.05%) and Wide Dynamic Range 

(72 dB) 

Low Input Leakage Current ...... 1 pA Typical 

10 pA Maximum 

Direct LCD Drive — No External Components 

Precision Null Detection With True Polarity at Zero 

High Impedance Differential Input 

Convenient 9 V Battery Operation With 

Low Power Dissipation ........ 500 uW Typical 
900 uW Maximum 


Internal Clock Circuit 
Available in Compact Flat Package or PLCC 
Industrial Temperature Range Device Available 


LCD DISPLAY 


INPUT 


TSC7136A 
TSC7136 


1 CONVERSION/SEC 


TO ANALOG COMMON 
(P32) 


560 kQ 


Figure 1: Typical Operating Circuit 
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GENERAL DESCRIPTION 


The TSC7136 and TSC7136A are low power, 
3 1/2 digit, LCD display, analog-to-digital converters. 
These devices incorporate an “integrator output zero” 
phase which guarantees overrange recovery. The per- 
formance of existing TSC7126, TSC7126A and ICL7126 
based systems may be upgraded with minor changes 
to external, passive components. 

The TSC7136A has an improved internal zener 
reference voltage circuit which maintains the analog 
common temperature drift to 35 ppm/°C (typical) and 
75 ppm/°C (maximum). This represents an improve- 
‘ment of two to four times over similar 3 1/2 digit 
converters. The costly, space consuming external 
reference source may be removed. 

The TSC7136 limits linearity error to less than 1 
count on 200 mV or 2.00 V full-scale ranges. Rollover 
error — the difference in readings for equal magnitude 
‘but opposite polarity input signals — is below +1 
count. High impedance differential inputs offer 1 pA 
leakage currents and a 1012 Q input impedance. The 


differential reference input allows ratiometric measure- — 


rents for ohms or bridge transducer measurements. 
The 15 uVp_p noise performance guarantees a “rock 
solid” reading. The auto zero cycle guarantees a zero 
display readout for a zero volt input. 

The single chip CMOS TSC7136 incorporates 
all the active devices for a 3 1/2 digit analog to digital 
converter to directly drive an LCD display. The internal 
oscillator, precision voltage reference and display 
segment/backplane drivers simplify system integration, 
reduce board space requirements and lower total cost. 
A low cost, high resolution — 0.05% — indicating meter 
‘requires only a display, four resistors, four capacitors 
and a 9 V battery. The flat package option eases the 
mechanical design of low cost, hand held multimeters. 

The TSC7136A dual slope conversion tech- 
nique rejects interference signals if the converters 
integration time is set to a multiple of the interference 
signal period. This is especially useful in industrial 
measurement environments where 50, 60 and 400 Hz 
line frequency signals are present. 


Typical Applications 


m Thermometry 
m Bridge Readouts (Strain Gauges, Load Cells, Null 


Detectors) 


m@ Digital Meters 
— Voltage/Current/Ohms/Power 


— Capacitance/Inductance 
— Fluid Flow Rate/Viscosity/Level 
— Humidity : | 


— Position 


Digital Scales 
Panel Meters 
LVDT Indicators 
Portable Instrumentation 
Power Supply Readouts 
Process Monitors 
Gaussometers 
Photometers 


Ordering Information 
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Pin Temp. 

- Part No. Package | Layout Range 

TSC7136ACPL 40-Pin ee 0°C to 

TSC7136CPL Plastic Dip 70°C 

TSC7136ARCPL = 40-Pin Bavemad 0°C to 

TSC7136RCPL Plastic Dip 70°C 

TSC7136AIJL 40-Pin Sisnaal -25°C to 

TSC7136IJL CerDIP 85°C 

TSC7136ACKW 44-Pin Formed 0°C to 

TSC7136CKW Plastic Flat Leads 70°C 

TSC7136ACLW 44-Pin 0°C to 

TSC7136CLW PLCC 70°C 
Devices with 160 Hour, +125°C Burn-in 

- 40-Pin 0°C to 

TSC7136ACPL/BI Plastic DIP Normal 70°C 

40-Pin -25°C to 

TSC7136AIJL/BI CerDIP Normal 85°C 


Reference 
Temp. 
Coefficient 


75 ppm/°C Max 
150 ppm/°C Max 


75 ppm/°C Max 
150 ppm/°C Max 


100 ppm/°C Max 
150 ppm/°C Max 


75 ppm/°C Max 
150 ppm/°C Max 


75 ppm/°C Max 
150 ppm/°C Max 


75 ppm/°C Max 


100 ppm/°C Max 
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Pin Configuration 


NORMAL 
PIN CONFIGURATION 


“~ 
TSC7136A 
TSC7136 


REVERSE 
PIN CONFIGURATION 


“wr 


TSC7136AR 
TSC7136R 


(BACK PLANE) (MINUS SIGN) 


TSC7136CLW 
TSC7136ACLW 
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TSC7136CKW 
TSC7136ACKW 
(FLAT PACKAGE) 
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TSC7136 
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Absolute Maximum Ratings 


Plastic: Package (P) -24 2S cnuwwiacwes ies sae teases 800 mW 
Supply Voltage (V7 to V) ...... cc cece eee cece cence 15V Epoxy Flat Package (K,L,) —.. eee eee neces 500 mW 
Analog Input Voltage (either input)” .............. V* to V™ Operating Temperature 
Reference Input Voltage (either input) ............. Vi toV™ ("GC DOVICES): canes or eden ered eee kes 0°C to +70°C 
Clock Input: 2dsiiease eds cyan t desea ew arens es Test to V" Cl DOViCCS) 3 oi46 biaerainineetsah nes -25°C to +85°C 
Power Dissipation ” Storage Temperature ..........:..... .. -65°C to +160°C 
CerDIP Package (J) .......... ccc cee e cence eee 1000 mW Lead Temperature (Soldering, 60 sec) .............. 300°C 
Electrical Characteristics: Vs = 9 V, foiock = 16 KHz and T, = 25°C unless otherwise noted. 
| TEST — TSC7136/TSC7136A 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
‘ VIN = 0.0 V, “3 Digital 
1 — Zero Input Reading Full-Scale = 200.0 mV 000.0 +000.0 +000.0 Reading 
a . P Vin = 0.0 V; as ° 
2 Zero Reading Drift 0°C<T,<70°C 0.2 1 LV/°C 
_ : : ‘ ViN = Vrer: 999 Digital 
3 Ratiometric Reading Vaer = 100 mV 999 4000 1000 Reading 
I Full-Scale = 200 mV or 
N 4 NL Linearity Error 2.000 V. Max. Deviation = +0.2 +1 Counts 
P from Best Straight Line. | 
t 5 Rollover E ~Vin = +Vin -4 +0.2 +1 Count 
— ollover Error ~200.0 mV ounts 
. VIN =0 V, = ae 
6 EN Noise Full-Scale = 200.0 mV 2 | UV p-p 
7 Ok Input Leakage Current Vij=OV oo 1 10 pA 
Common-Mode Vom ==£1V, Vin =O0V 7) = 
S. CMBB Rejection Ratio Full-Scale = 200.0 mV 2 NIN 
Scale Factor ViN peta nN 
O°CS Ta S 70°C ° 
9 — Temperature Ext. Ref. Temp — 1 5 ppm/°C 
Coefficient Coeff. = 0 ppm/°C 
250 kQ Between 
Analog Common Common and V* , 
10 Vote Temperature 0°C=Ta=70°C = =TSC7136A — 35 75 ppm/°C 
Coefficient “C” Commercial TSC7136 — 70 150 ppm/°C 
AC Temp. Range Devices 
: H 250 kQ Between 
LM Analog Common Common and V* 
00 11. Voetc Temperature -25°C =Ta 85°C 1 TSC7136A — 35 - 100 ppm/°C 
GN Coefficient “I” Industrial TSC7136 — 70 150 ppm/°C 
Temp. Range Devices 
Analog Common 250 kQ Between 
| 12 Vo Voltage CommonandV" 2.7 3.05 3.35 V 
D LCD Segment % e 
LR 13 Vso ri Voliege Vi toV=9V 4 5 6 Vp-p 
ome 
DV LCD Backplane + -_ 
E 14 Vep Drive Voltage V" toV 9V 4 5 6 Vp-p 
SUPPLY 15 Is Power Supply Current MS DNa Oto SON, — 70 100 HA 


Note 7 


1. Input voltage may exceed the supply voltages when the input currentis limited 
to 100 pA. 

2. Dissipation rating assumes device is mounted with all leads soldered to 
printed circuit board. 

3. Static sensitive device. Unused devices should be stored in conductive mate- 
rial to protect devices from static discharge and static fields. 
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4. Refer to “Differential Input” discussion. 


5. Backplane drive is in phase with segment drive for ‘off’ segment and 180° out 
of phase for ‘on’ segment. Frequency is 20 times conversion rate. Average DC 
component is less than 50 mV. 

6. See Figure 1. 

7. A 48 kHz oscillator, increases current by 20 wA (typ.). Common current not 
included. 
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Pin Description 


40-Pin DIP 
Pin Number 
Normal (Reverse) Name _ Description 
1 (40) V* Positive supply voltage. 
2 (39) D, Activates the D section of the units display. 
3 (38) Cy Activates the C section of the units display. 
4 (37) B, Activates the B section of the units display. 
5 (36) Ay Activates the A section of the units display. 
6 (35) Fy Activates the F section of the units display. 
7 (34) Gy Activates the G section of the units display. 
8 (33) E, Activates the E section of the units display. 
9 (32) Do Activates the D section of the units display. 
10 (31) Co Activates the C section of the tens display. 
11 (30) Bo Activates the B section of the tens display. 
12 (29) Aj Activates the A section of the tens display. 
13 (28) Fo Activates the F section of the tens display. 
14 (27) =) Activates the E section of the tens display. 
15 (26) Dg Activates the D section of the hundreds display. 
16 (25) : Bg Activates the B section of the hundreds display. 
17 (24) Fy Activates the F section of the hundreds display. 
18 (23) E3 Activates the E section of the hundreds display. 
19 (22) AB, Activates both halves of the 1 in the thousands display. 
20 (21) POL Activates the negative polarity display. 
21 (20) BP Backplane drive output. 
22 (19) G3 Activates the G section of the hundreds display. 
23 (18) A3 Activates the A section of the hundreds display. 
24 (17) C3 Activates the C section of the hundreds display. 
25 (16) Go Activates the G section of the tens display. 
26 (15) Vv" Negative power supply voltage. 
The integrating capacitor should be selected to give the maximum voltage swing 
that ensures component tolerance build up will not allow the integrator 
27 (14) Vint oe, to saturate. When analog common is used as a reference and 
e conversion rate is 3 readings per second, a 0.047 uF capacitor may be used. 
The capacitor must have a low dielectric constant to prevent roll-over errors. 
See INTEGRATING CAPACITOR section for additional details. 
28 (13) Viens Integration resistor connection. Use a 180 kQ for a 200 mV full-scale range and a 


1.80 MQ for 2 V full scale range. 


The size of the auto-zero capacitor influences the system noise. Use a 0.47 uF 
29 (12) Caz —_—- capacitor for a 200 mV full-scale, and a 0.10 wF capacitor for a 2 volt full-scale. 
See paragraph on AUTO-ZERO CAPACITOR for more details. 
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Pin Description 


40-Pin DIP 
Pin Number 
Normal (Reverse) Name _ Description 
30 (11) Vin The low input is connected to this pin. 
31 (10) Vin The high input signal is connected to this pin. 
'* This pin is primarily used to set the analog common-mode voltage for battery 
32 (9) Analog operation or in systems where the input signal is referenced to the power supply. 
Common See paragraph on ANALOG COMMON for more details. It also acts as a 
. reference voltage source. . 
33 (8) Crer See pin 34. 
at A 0.1 uF capacitor is used in most applications. If a large common mode voltage 
34 (7) Cher exists (for example the Vj, pin is not at analog common), and a 200 mV scale is 
used, a 1.0 uF is recommended and will hold the rollover error to 0.5 count. 
35s 8) Vaer Seepin36. 
. The analog input required to generate a full-scale output (1,999 counts). Place 
36 (5) ner 100 mV between pins 35 and 36 for 199.9 mV full-scale. Place 1.00 volts between 
pins 35 and 36 for 2 volts full-scale. See paragraph on REFERENCE VOLTAGE. 
Lamp test. When pulled high (to V*) all segments will be turned on and the display 
37 (4) Test should read -1888. It may also be used as a negative supply for externally 
| _ generated decimal points. See paragraph under TEST for additional information: 
38 3) OSC3 See pin 40. | | 
39 (2) OSCo — See pin 40. 
Pins 40, 39, 38 make up the oscillator section. For a 48 kHz clock (3 readings per 
40 (1) OSC, section) connect pin 40 to the junction of a 180 kQ resistor and a 50 pF capacitor. - 


The 180 kQ resistor is tied to pin 39 and the 50 pf capacitor is tied to pin 38. 
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General Theory of Operation 


Dual Slope Conversion Principles 


The TSC7136A is a dual slope, integrating analog-to-digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC7136A opera- 
tion theory. 


The conventional dual slope converter measurement cycle 
has two distinct phases: 


@ Input Signal Integration 
@ Reference Voltage Integration (Deintegration) 


The input signal being converted is integrated for a fixed time 
period (Ts)). Time is measured by counting clock pulses. An 
opposite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The refer- 
ence integration time is directly proportional to the input signal 


(Tri): 


ANALOG 
INPUT O———O 
SIGNAL 


Le 


SWITCH DRIVER 


$< 


XN 
Mp | 


SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 


Figure 2: Basic Dual Slope Converter 


Vin = VEULLSCALE 
Vin = 1/2 VeULLSCALE 


INTEGRATOR OUTPUT 


NORMAL MODE REJECTION (dB) 


SUREMENT PERIOD 


W/T 
INPUT FREQUENCY 


Figure 3: Normal-Mode Rejection of Dual 
Slope Converter 
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In a simple dual slope converter a complete conversion 
requires the integrator output to “ramp-up” and “ramp-down.” 
A simple mathematical equation relates the input signal, refer- 
ence voltage and integration time: 


Tsi 
Vin(t)dt _ VeTr 
RC 


1 


uf 


RC 


where: 


Vr = Reference Voltage 
Ts, = Signal Integration Time (Fixed) 
Tr; = Reference Voltage Integration Time (Variable) 


For a constant Vy: 


Tal 
Ts 


Vin = Ve 


The dual slope converter accuracy is unrelated to the inte- 
grating resistor and capacitor values as long as they are stable 
during a measurement cycle. An inherent benefit is noise 
immunity. Noise spikes are integrated or averaged to zero 
during the integration periods. Integrating ADCs are immune to 
the large conversion errors that plague successive approxi- 
mation converters in high noise environments. Interfering sig- 
nals with frequency components at multiples of the averaging 
period will be attenuated. Integrating ADCs commonly operate 
with the signal integration period set to a multiple of the 50/60 
Hz power line period. 


Analog Section 


In addition to the basic integrate and deintegrate dual slope cycles 
discussed above, the TSC7136 and TSC7136A designs incor- 
porate an “integrator output-zero cycle” and an “auto-zero cycle’. 
These additional cycles ensure that the integrator starts at zero 
volts (even after a severe over-range conversion) and that all 
offset voltage errors (buffer amplifier, integrator and comparator) 
are removed from the conversion. A true digital zero reading is 
assured without any external adjustments. 


A complete conversion consists of four distinct cycles: 


@ Integrator Output-Zero Cycle 
® Auto-Zero Cycle 

@ Signal Integrate Cycle 

@ Reference Deintegrate Cycle 


Integrator Output-Zero Cycle 


This phase guarantees that the integrator output is at zero 
volts before the system zero phase is entered. This ensures 
that the true system offset voltages will be compensated for 
even after an over-range conversion . The count for this phase 
is a function of the number of counts required by the deinte- 
grate cycle. 


The count will last from 11 to 140 counts for non-over- 
range conversions and from 31 to 640 counts for over-range 
conversions. 


cO€E-Z 


py ainbi4 


wes6eiq 4901 Y9ELZOSL 


COMPARATOR 


LOW TEMP 
COEFFICIENT 
VOLTAGE 
REFERENCE 


1 8 8 @ 
nn) 
SUE WI TAT 
Seer 


BACKPLANE 


a’) TSC7136A 


TSC7136 LCD SEGMENT DRIVERS 


7 SEGMENT] 47 SEGMEN 7 SEGMENT 
DECODE DECODE DECODE 


DATA LATCH 


THOUSAND j HUNDREDS ' TENS | ; UNITS 
TO SWITCH DRIVERS 
FROM COMPARATO UTPUT oo 


TYPICAL SEGMENT OUTPUT 
; vt 


TO 
DIGITAL 
SECTION 


vt 
(sce ve | et 
le Ab AE is a ” 
INTERNAL DIGITAL GOUND 
A 38 v~ 


V9ELLOSL 
9ELZOS_L 


YALYSANOD C/V LIDIC ¢/L € YHAMOd MOT 


PRODUCT INFORMATION 


Auto-Zero Cycle 


During the auto-zero cycle the differential input signal is dis- 
connected from the circuit by opening internal analog gates. 
The internal nodes are shorted to analog common (ground) 
to establish a zero input condition. Additional analog gates 
close a feedback loop around the integrator and comparator. 
This loop permits comparator offset voltage error compensa- 
tion. The voltage level established on Caz compensates for 
device offset voltages. The auto-zero cycle residual is typically 
10 -15 pV. 


The auto-zero duration is from 910 to 2,900 counts for non- 
over-range conversions and from 300 to 910 counts for over- 
range conversions. 


Signal Integration Cycle 


The auto-zero loop is opened and the internal differential 
inputs connect to Vi, and Vjy. The differential input signal is 
integrated for a fixed time period. The TSC7136A signal inte- 
gration period is 1000 clock periods or counts. The externally 
set clock frequency is divided by four before clocking the 
internal counters. The integration time period is: 


Ty = —* x 1000 
fosc 
where: 
fosc = External Clock Frequency 


The differential input voltage must be within the device 
common-mode range when the converter and measured sys- 
tem share the same power supply common (ground). If the 
converter and measured system do not share the same power 
supply common, Vij should be tied to analog common. 


Polarity is determined at the end of signal integrate signal 
phase. The sign bit is a true polarity indication in that signals 
less than 1 LSB are correctly determined. This allows preci- 
sion null detection limited only by device noise and auto-zero 
residual offsets. 


Reference Integrate Cycle 


The third phase is reference integrate or deintegrate. Vy is 
internally connected to analog common and Vy is connected 


AZ 
| +20 to] 


| 


Conversion Timing During Normal Operation 


TSC7136 
TSC7136A 


[= 000 —+| | 
INT 

| — 2001-2090 | | 
DE-INT 


AZ 
| cua ce 


en 4000 ‘J 


Conversion Timing During Over-Range Operation 


across the previously charged reference capacitor. Circuitry 
within the chip ensures that the capacitor will be connected 
with the correct polarity to cause the integrator output to 
return to zero. The time required for the output to return to zero 
is proportional to the input signal and is between 0 and 2000 
internal clock periods. The digital reading displayed is 


1000 VIN 


VREF 


Digital Section 


The TSC7136A contains all the segment drivers necessary to 
directly drive a 3-1/2 digit liquid crystal display (LCD). An LCD 
backplane driver is included. The backplane frequency is the 
external clock frequency divided by 800. For three con- 
versions/second the backplane frequency ts 60 Hz witha5 V 
nominal amplitude. When a segment driver is in phase with the 
backplane signal the segment is “OFF.” An out of phase seg- 
ment drive signal causes the segment to be “ON” or visible. 
This AC drive configuration results in negligible DC voltage 
across each LCD segment. This insures long LCD display life. 
The polarity segment driver is “ON” for negative analog inputs. 
lf Vin and Vix are reversed this indicator would reverse. 


On the TSC7136A when the test pin is pulled to V" all segments 
are turned “ON.” The display reads -1888. During this mode the 
LCD segments have a constant DC voltage impressed. Do not 
leave the display in this mode for more than several minutes. 
LCD displays may be destroyed if operated with DC levels for 
extended periods. 


The display FONT and segment drive assignment are shown in 
Figure 5. 


1000' 100’ 10° 1 
Mgrs gees Sas aca 


DISPLAY FONT 


ai234ss7a9 I-i §& @ § 


Figure 5: Display FONT and Segment Assignment. 
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System Timing | 
The oscillator frequency is divided by 4 prior to clocking the 
internal decade counters. The four phase measurement cycle 


takes a total of 4000 counts or 16000 clock pulses. The 4000 
count cycle is independent of input signal magnitude. | 


Each phase of the measurement cycle has the following length: 


@ Auto-Zero Phase: 300 to 2900 Counts 

(1200 to 11600 Clock Pulses) 
1000 Counts 

(4000 Clock Pulses) 

This time period is fixed. The integration period is: 


1 


®@ Signal Integrate: . 


Ts, = 4000 


- fose 
Where fogc is the externally set clock frequency. 


© Reference Integrate: 0 to 2000 Counts 
@ Zero Integrator: 11 to.640 Counts 


The TSC7136 is a drop in replacement for the TSC7126 and 
ICL7126. The TSC7136A offers a greatly improved internal 
reference temperature coefficient. Minor component value 
changes are required to upgrade existing designs and improve 
the noise performance. 


Component Value Selection 
Auto-Zero Capacitor - Caz 


The Caz capacitor size has some influence on system noise. A 
0.47 uF capacitor is recommended for 200 mV full-scale appli- 
cations where 1 LSBis 100 u”V.A0.10 uF capacitor is adequate 
for 2.0 V full-scale applications. A mylar type dielectric capaci- 
tor is adequate. | 


Reference Voltage Capacitor - Crer 


The reference voltage used to ramp the integrator output voltage 
back to zero during the reference integrate cycle is stored on Cree. 
A 0.1 wF capacitor is acceptable when Vrer is tied to analog 
common. If a large common-mode voltage exists (Vrer is tied to 
analog common. If a large common-mode voltage exists (Vrer 
analog common) and the application requires a 200 mV full-scale 
increase Crer to 1.0 uF. Rollover error will be held to less than 0.5 
count. A mylar type dielectric capacitor is adequate. 


Integrating Capacitor - Cint 


Cint should be selected to maximize integrator output voltage 
swing without causing output saturation. Analog common will 
normally supply the differential voltage reference. For this case 
a +2 V full-scale integrator output swing is satisfactory. For 3 
readings/second (fogc = 48 kHz) a 0.047 value is suggested. 
For one reading per second 0.15 wF is recommended. If a 
different oscillator frequency is used C,y7 must be changed in 
inverse proportion to maintain the nominal +2 V integrator 
swing. | 


An exact expression for Cyyr is: 


(4000) (1) (“8 
Cr = Osc INT 
VINT 
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Where: 


fosc = Clock frequency at Pin 38 | 

Ves = Full-scale input voltage 

Rint = Integrating resistor 

Vint = Desired full-scale integrator output swing 


Cint must have low dielectric absorption to minimize roll-over 
error. An inexpensive polypropylene capacitor is recommended. 


Integrating Resistor - Rint 


The input buffer amplifier and integrator are designed with 
class A output stages. The output stage idling current is 6 WA. 
The integrator and buffer can supply 1 wA drive currents with 
negligible linearity errors. Riy7 is chosen to remain in the out- 
put stage linear drive region but not so large that printed circuit 
board leakage currents induce errors. For a 200 mV full-scale 
Rint is 180 kQ. A 2.0 V full-scale requires 1.8 MQ. 


Component Nominal Full-Scale Voltage 
Value 200.0 mV 2.000 V 
Caz 0.47 uF 0.10 uF 
Rint 180 kQ 1.8 MQ 
Cint 0.047 uF 0.047 uF 
Note: : 


1. fogc = 48 kHz (3 readings/sec). Rog = 180 KQ, Cogg = 50 pF. 


Oscillator Components 
Cosc should be 50 pF. Rogc is selected from the equation: 


, = 0.45 
Osc ~ ——— 
RC 


Note that fosc is divided by four to generate the TSC7136A 
internal control clock. The backplane drive signal is derived by 
dividing fogc by 800. 


To achieve maximum rejection of 60 Hz noise pickup, the 
signal integrate period should be a multiple of 60 Hz. Oscilla- 
tor frequencies of 240 kHz, 120 kHz, 80 kHz, 60 kHz, 40 kHz, 33 
1/3 kHz, etc. should be selected. For 50 Hz rejection, oscillator 
frequencies of 200 kHz, 100 kHz, 66 2/3 kHz, 50 kHz, 40 kHz, 
etc. would be suitable. Note that 40 kHz (2.5 readings/second) 
will reject both 50 and 60 Hz (also 400 and 440 Hz). 


Reference Voltage Selection 


A full-scale reading (2000 counts) requires the input signal be 
twice the reference voltage. 


Required Full-Scale Voltage * Vrer 
200.0 mv 100.0 mV 
2.000 V 1.000 V 


* Veg = 2 Vecr 
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Figure 6: Common-Mode Voltage Removed in Battery Operation with V,,, = Analog Common 


In some applications a scale factor other than unity may exist 
between a transducer output voltage and the required digital 
reading. Assume, for example, a pressure transducer output is 
400 mV for 2000 Ib/in?. Rather than dividing the input voltage 
by two the reference voltage should be set to 200 mV. This 
permits the transducer input to be used directly. 


The differential reference can also be used when a digital zero 
reading is required when Vy is not equal to zero. This is 
common in temperature measuring instrumentation. A com- 
pensating offset voltage can be applied between analog 
common and Vy. The transducer output is connected between 
Vin and analog common. 


Device Pin Functional Description 
Differential Signal Inputs 
(Vin (Pin 31),. Vin (Pin 30)) 


The TSC7136A is designed with true differential inputs and 
accepts input signals within the input stage common mode 
voltage range (Voy). The typical range is V* -1.0 to V’ + 1.0 V. 
Common-mode voltages are removed from the system when 
the TSC7136A operates from a battery or floating power 
source (Isolated from measured system) and Viv is connected 
to analog common (Vcow): See Figure 6. 


In systems where common-mode voltages exist, the 86 dB 
common-mode rejection ratio minimizes error. Common- 
mode voltages do, however, affect the integrator output level. A 
worse case condition exists if a large positive Voy exists in 
conjunction with a full-scale negative differential signal. The 
negative signal drives the integrator output positive along with 
Vom (Figure 7). For such applications the integrator output 
swing can be reduced below the recommended 2.0 V full-scale 
swing. The integrator output will swing within 0.3 V of V" or V- 
without increased linearity error. 


Differential Reference 
(VReF (Pin 36), VReF (Pin 39)) 


The reference voltage can be generated anywhere within the 
V* to V" power supply range. 


To prevent rollover type errors being induced by large common- 
mode voltages Crer should be large compared to stray node 
Capacitance. 


INPUT 
BUFFER 


INTEGRATOR 


MEG Vem ~ Vin] 


where: 
2 _ 4000 
T, = INTEGRATION TIME = isc 


C; = INTEGRATING CAPACITOR 
Ry = INTEGRATING RESISTOR 


Figure 7: Common-Mode Voltage Reduces Available 
integrator Swing. (Vcoy ~ Vin) 


The TSC7136A offers a significantly improved analog common 
temperature coefficient. This potential provides a very stable 
voltage suitable for use as a voltage reference. The temperature 
coefficient of analog common is 35 ppm/°C typically. 


Analog Common (Pin 32) 

The analog common pin is set at a voltage potential approxi- 
mately 3.0 V below V’. The potential is guaranteed to be 
between 2.7 V and 3.35 V below V". Analog common is tied 
internally to an N channel FET capable of sinking 100 vA. This 
FET will hold the common line at 3.0 V below V* should an 
external load attempt to pull the common line toward V”. 
Analog common source current is limited to 1 wA. Analog 
common is therefore easily pulled toa more negative voltage 
(i.e. below V* -3.0 V). 


The TSC7136A connects the internal Vix and Vix inputs to 
analog common during the auto-zero cycle. During the refer- 
ence integrate phase Vj, is connected to analog common. If 
Vin is not externally connected to analog common, a common- 
mode voltage exists. This is rejected by the converter’s 86 dB 
common-mode rejection ratio. In battery operation analog 
common and Vy are usually connected, removing common- 
mode voltage concerns. In systems where Vix is connected to 
the power supply ground or to agiven voltage, analog common 
should be connected to Vjy. 


The analog common pin serves to set the analog section 
reference or common point. The TSC7136A is specifically 
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designed to operate from a battery or in any measurement 
system where input signals are not referenced (float) with 
respect to the TSC7136A power source. The analog common 


potential of V"-3.0 V gives a7 Vend ofbattery life voltage. The | 


common potential has a 0.001%/% voltage coefficient. 

With sufficiently high total supply voltage (V" -V" >7.0 V) 
analog common is a very stable potential with excellent 
temperature stability - typically 35 ppm/°C. This potential can 
be used to generate the TSC7136A reference voltage. An 
external voltage reference will be unnecessary in most cases 
because of the 35 ppm/°C temperature coefficient. See 
TSC7136A Internal Voltage Reference discussion. 


Test (Pin 37) 


The test pin potential is 5 V less than V*. Test may be used as 
the negative power supply connection for external CMOS 
logic. The test pin is tied to the internally generated negative 
logic supply through a 500 Q resistor. The test pin load should 
be no more than 1 mA. See the applications section for addi- 
tional information on using test as a negative digital logic 
supply. 

If test is pulled high to V* all segments plus the minus sign will 
be activated. Do not operate in this mode for more than several 
minutes. With Test = V* the LCD Segments are impressed with 
a DC voltage which will destroy the LCD. 


TSC7136A Internal Voltage Reference 


The TSC7136A analog common voltage temperature stability 
has been significantly improved (Figure 8). The “A” version of 
the industry standard TSC7136 device will allow users to 
upgrade old systems and design new systems without external 
voltage references. External R and C values do not need to be 


changed, however, noise performance will be improved by | 


increasing Caz. (See AUTO-ZERO CAPACITOR section). Fig- 
ure 9 shows analog common supplying the necessary voltage 
reference for the TSC7136A. 
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Figure 8: Analog Common Temperature Coefficient 
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SET Ver = 1/2 VEULL SCALE 


Figure 9: TSC7136A Internal Voltage Reference 
Connection 

Applications Information 

Liquid Crystal Display Sources 


Several LCD manufacturers supply standard LCD displays to 
interface with the TSC7136A 3 1/2 digit analog-to-digital 
converter. 


Representative 
Manufacturer Address/Phone Part Numbers' 


Crystaloid 5282 Hudson Dr., C5335, H5535, ~ 
Electronics Hudson, OH 44236 T5135, SX440 
216/655-2429 


AND 770 Airport Bivd., FE 0801 
Burlingame, CA 94010 FE 0203 
415/347-9916 


EPSON 3415 Kashikawa St. | LD-B709BZ 
: Torrance, CA 90505 LD-H7992AZ 
213/534-0360 


Fairchild Optoelectronics Div., LTB 1091/92 

Camera 3105 Alfred St., LTB 1020/30/41/42 

& Instrument Santa Clara, CA 95050 LTB 1190/82/81 
408/987-9200 


Hamlin, Inc. | 612 E. Lake St., _ 3902, 3933, 3903 
Lake Mills, WI 53551 
414/648-2361 


Note: 
1. Contact LCD manufacturer for full product listing/ specifications. 
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TSC7136 
TSC7136A 


Decimal Point and Annunciator Drive 


The test pin is connected to the internally-generated digital 
logic supply ground through a 500 Q resistor. The test pin may 
be used as the negative supply for external CMOS gate seg- 
ment drivers. LCD display annunciators for decimal points, low 
battery indication, or function indication may be added without 
adding an additional supply. No more than 1 mA should be 
supplied by the test pin. The test pin potential is approximately 
5 V below V*. 


“~ 
TSC7136A 
TSC7136 


5 TO LCD 
BACK PLANE 


Simple Inverter for Fixed Decimal Point 
or Display Annunciator 


“~~ 
TSC7136A 


TSC7136 
POINTS 


Multiple Decimal Point or 
Annunciator Driver 


Ratiometric Resistance Measurements 


The TSC7136A true differential input and differential reference 
make ratiometric readings possible. In ratiometric operation, 
an unknown resistance is measured with respect to a known 
standard resistance. No accurately defined reference voltage 
is needed. 


The unknown resistance is put in series with a known stan- 
dard and a current passed through the pair. The voltage deve- 
loped across the unknown is applied to the input and the 
voltage across the known resistor applied to the reference 
input. If the unknown equals the standard, the display will read 
1000. The displayed reading can be determined from the follow- 
ing expression: 


R Unknown 
R Standard 
The display will overrange for R Unknown =2 x R Standard. 


Displayed Reading = x 1000 
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LCD DISPLAY 


TSC7136A 
TSC7136 


Figure 10: Low Parts Count Ratiometric Resistance 


Measurement 
1 
TSC7136A 


160 ks 300 ks? 
V 
VIN 
TSC7136 


Veg = 200 mv 


“We 


TSC7136A 
TSC7 136 


Figure 12: Positive Temperature Coefficient Resistor 


Temperature Sensor 


Notes 


ENGINEER: 


DEPT: 7 
PROJECT: a 
DESCRIPTION 


7-308 


47¢ TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


3 1/2 DIGIT ADC 


TSC8750 


WITH PARALLEL BCD OUTPUT 


FEATURES 

@ High Accuracy — 3 1/2 Digit Resolution With 
<+0.025% Error 

= Military Temperature Range Devices 

m Monotonic Performance — No Missing Codes 

m Monolithic CMOS Construction Gives Low Power 
Dissipation — 20 mW Typical 

m Contains All Required Active Elements — Needs 


Test Circuit 


INITIATE 
CONVERSION 
O 


ae ee 


RIN 
IMQ* 
Vin ° 
> —-270pF 
lin = 10uA F.S. 


10082 


EI 
LT | BUSY 


23 DATA VALID, 


2008 RREF* RBIAS 
301K 


50K 22 
VREF © 
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only Passive Support Components, Reference 
Voltage and Duai Power Supply 
High Stability Over Full Temperature Range 
— Gain Temperature Coefficient Typically 
<25 ppm/°C 
— Zero Drift Typically <30 yuv/°C 
— Differential Non-Linearity Drift Typically 
<2.5 ppm/°C 
Latched Parallel BCD Outputs 
LPTTL and CMOS Compatible Outputs and Control 
Inputs 
Strobed or Free Running Conversion 
Infinite Input Range — Any Positive Voltage Can Be 
Applied Via a Scaling Resistor 


BCD OUTPUTS 


oA } THOUSANDS 


HUNDREDS 
TENS 


UNITS 


OUTPUT 
LATCHES 


OoOocdo060@d 000 00 0 0 
PwOOND PrBQVD pwondao 


*Any VReEF greater than —1V can be used. 


VREF 
—20"NA 
For example with Veer = —5V, Rrer = 250K. 


RREF = 


TSC8750 


GENERAL DESCRIPTION 


The Teledyne Semiconductor TSC8750 is a 


3 1/2 digit monolithic CMOS analog-to-digital converter. 
Fully self-contained in a single 24-pin dual in-line 
package, the converter requires only passive support 
components, voltage or current reference and power 
supplies. 

Conversion is performed by an incremental 
charge balancing technique which has inherently high 
accuracy, linearity and noise immunity. An amplifier 
integrates the sum of the unknown analog current and 
pulses of a reference current. The number of pulses 
(charge increments) needed to maintain the amplifier 
summing junction near zero are counted. At the end of 
conversion the total count is. latched into the digital 
outputs in a 3 1/2 digit parallel BCD digital format. 


Ordering Information 


Temperature 
Part No. Package Range 
TSC8750CJ 24-Pin Plastic Dip 0°C to +70°C 
TSC8750CN 24-Pin Ceramic -40°C to +85°C 
TSC8750BN 24-Pin Ceramic -55°C to +125°C 


MIL-STD-883 Processing 


TSC8750BN/883 24-Pin Ceramic -55° to +125°C 


3 /2 DIGIT ADC 
WITH PARALLEL BCD OUTPUT 


Pin Configuration 


24{ | THOUSAND DIGIT 


23 [_] DATA VALID 
HUNDREDS 
DIGIT 


Bw. 
TSC8750 


ZERO ADJUST 


AMPLIFIER OUT 


Nin 


Handling Precautions 


CMOS devices must be handled correctly to 
prevent damage. Package and store only in conductive 
foam, anti-static tubes or other conductive material. 
Use proper anti-static handling procedures. Do not 
connect in circuits under “power on” conditions, as 
high transients may cause permanent damage. 
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TSC8750 


Electrical Characteristics Unless otherwise specified, Vpp = +5 V, Vss =-5 V, Vann = 0, VreF =-6.4 V, Reias = 100 kQ, 
test circuit shown. Ta = 25°C unless Full Temperature Range is specified. (-55° C to +125° C for BN, -40°C to +85°C for CN 
package, 0° to 70°C for CJ package.) 


CJ/CL BL 
PARAMETER DEFINITION CONDITIONS MIN TYP MAX MAX UNITS 
Accuracy 
Resolution BCD Word Length 5 a = = _ Digits 
Accuracy Of Digital Output Counts) 
Output Deviation From Straight 
Relative Accuracy Line Between Normalized — — 0.025 0.025 % 
Zero and Full-Scale Input 
Differential Deviation From 1 LSB 
sess a — ; 0.025% 
Non-Linearity Between Transition Points One = 
Differential Variation in Differential Full 
Non-Linearity Non-Linearity Due To Temperature a +2.5 +5 25 ppm/°C 
Temperature Drift Temperature Change Range 
Gain Variation From Exact (Compen- _ +2 +5 +5 % of 
Variance sate By Trimming Rin or RreF) = ai ~ Nominal 
Gain Variation In A Full 
Temperature Due To Temperature — +25 +75 +80 ppm/°C 
Drift Temperature Change Range 
Correction at Zero Adjust to Give - _ + ee + mV 
Zero Offset Zero Output When Input Is Zero lin = 0 a0 oo =e 
Zero Temperature Variation in Zero Offest Due to Full Temperature _ 43 +5 +8 ppm/°C 
Drift Temperature Change Range oF ~ = 
Analog Inputs 
7 Full-Scale Analog Input Current = _ ee A 
INE UlESeale To Achieve Specified Accuracy ios . 
IREF Reference Current Input To es 20 = _ uA 
(Note 1) Achieve Specified Accuracy 
Digital Inputs : 
Vin”? Logical “1” Input Threshold Full Temperature 35 — _ _ V 
IN For Initiate Conversion Input Range , 
Vin® Logical “0” Input Threshold Full Temperature a= = 15 15 V 
For Initiate Conversion Input Range 
Digital Outputs 
Logical “1” Output Voltage Full Temp. Range 
Vout” For Digits Out, Busy, and lout = -10 pA 4.5 — — — V 
Data Valid Outputs lout = -500 wA 
Logical “0” Output Voltage Full Temp. Range 
Vout” For Digits Out, Busy, and Vop = 4.75 V = a 0.4 0.4 V 
Data Valid Outputs lout = 500 yA 
Dynamic 
’ Time Required to Perform One = m 
Conversion Time Complete A/D Conversion Full Temp. Range 10 12 12 s 
Conversion Conv'ns 
Rate in VINT CONV =+5V 84 100 —_ — per 
Free-Run Mode Second 
Minimum Pulse Width og =3 ae 
for Initiate Conversion pol Tempsnange 200 u 
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7 — 3 1/2 DIGIT ADC 
WITH PARALLEL BCD OUTPUT 


Electrical Characteristics Uniess otherwise specified, Vop =+5V, Vss=-5 V, Vand =0, Vrer =-6.4 V, Reis = 100 kQ, 
test circuit shown. Ta = 25°C unless Full Temperature Range is specified. (-55° C to +125° C for BN, -40°C to +85°C for CN 


package, 0° to 70°C for CJ package.) 


| CJ/CL BL 

PARAMETER - DEFINITION CONDITIONS MIN TYP MAX MAX UNITS 
Supply Current 

ne eae Current Required From Positive Full Temp. Range — 1.4 2.5 3.5 | mA 

(J pace) Supply During Operation VINT CONV = OV — 1.4 5.0 mA 

Aepeeacey Current Required From Negative Full Temp. Range oe -1.6 -2.5 -3.5 mA 

(J Package} Supply During Operation VINIT CONV = OV = -16 5.0 fk 

Supply Sensitivity thal ai arson aa 7 Vop + 1V, Vss +1 V — +405 +10 +410 %/V 
\Vool =|Vssi| =5Vt1V Change in Full-Scale Gain vs Supply 40.05 +01 +01 ° +01 %/V 


NOTE: 

lin and IREF pins connect to the summing junction of an operational amplifier. 
Voltage sources cannot be attached directly but must be buffered by external 
resistors. See Test Circuit. 


Circuit Description 
During conversion the sum of a continuous current lin.and 


pulses of a reference current IREF is integrated for a fixed 


number of clock periods. lin is proportional to the analog 
input voltage; IReEF is switched in for exactly one clock per- 
iod just frequently enough to maintain the summing input 
of the integrator near zero. Thus, the charge from the con- 
tinuous lin current is balanced against the pulses of IREF 
current. The total number of IREF pulses needed during the 


Voltage Change for Tracking Supplies: 


conversion period to maintain the charge balance is counted, 
and the result (in BCD) is latched into the outputs at the end 
of conversion. 


The converter contains two counters and a clock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock 
counter which (after a reset pulse) starts counting clock 
pulses; when the required count is reached, the clock coun- 
ter generates a pulse to start the end-of-conversion routine. 
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The other counter is a data counter, which is reset synchron- 
ously with the clock counter and counts the number of times 
the IREF current is switched into the summing input of the 
amplifier during the period defined by the clock counter. 


When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10 us (times given 
are approximate) start up cycle begins. The integrating 
Capacitor is discharged and both counters are reset during 
this start up period. Conversion begins at the end of the reset 
pulse and ends with a pulse generated either by the clock 


TSC8750 


counter or by an overflow condition in the data counter. This 
pulse disables further inputs into both counters and triggers 
a 10 ws shutdown cycle. During the shutdown cycle Data 
Valid goes low for 5 us. This binary sequence is shown in the 
timing diagrams. Busy is true high, and when the circuit 
is busy, Initiate conversion has no effect and may be high or 
low. Data Valid is also true high. The data from a conversion 
remain valid for as long as power is applied to the circuit or 
until Data Valid falls at the end of a subsequent conversion, 
at which time the output data are updated to reflect the latest 
conversion. 


Timing Diagrams (Rise, fall times = 200 ns typ., CL = 50 pF) 


CLOCKED MODE 


YY y, DON'T CARE“ 
Ve ULM, 


Vv 
INITIATE 
CONVERSION 


VOH 
DIGITS 


Z 
VZDKTA 
OUT CHANGING? 


VoL 


CONVERSION TIME 


Pin Functions 
Initiate Conversion Input 


Accepts CMOS and most 5 V logic inputs. Applying a logic 
“4” to the Initiate Conversion pin initiates the A/D conversion 
cycle. Once conversion has been initiated, the cycle cannot 
be interrupted, and the Initiate Conversion pin is disabled 
until conversion is complete. Two modes of operation are 
permitted, clocked or free-running. For clocked operation 
the Initiate Conversion input is held at logic “O” for standby 
and taken to logic “1” when a conversion is desired. For free- 
running operation the Initiate Conversion pin is connecied to 
Vop or similar permanent logic “1” voltage. 


Busy Output 


A digital status output which is compatible with CMOS logic 
and low power TTL (can sink and source 500 pA). A logic “1” 
output on the Busy pin indicates a conversion cycle is in 
process. A logic “1” to logic “0” transition indicates that con- 
version is complete and the result has been latched at the 
Digits Out pins. A logic “0” to logic “1” transition indicates a 


FREE-RUN MODE 
ees 


G 
V/A DATA 
CHANGING 4 
: RECYCLE 
——— CONVERSION TIME 


new conversion cycle has been initiated. If the device is 
Operating in the free-running mode, the Busy output will 
remain low for approximately 2.5 us, marking the completion 
and initiation of consecutive conversion cycles. 


Data Valid Output 


A digital status which is compatible with CMOS logic and low 
power TTL (can sink and source 50 pA). A logic “1” output at 
the Data Valid pin indicates that the Digits Out pins are 
latched with the result of the last conversion cycle. The Data 
Valid output goes to logic “O” approximately 5 us before the 
completion of a conversion cycle. During this 5 us interval 
new data is being transferred to the Digits Out pins, and the 
Digits Out are not valid. 


Digits Out 
(ones, tens, hundreds and thousand) 
The BCD digit outputs which are the result of the A/D con- 


version. These outputs are CMOS logic and low power TTL 
compatible. 
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Applications Information 
Input/Output Relationships 


The analog input voltage (Vin) is related to the output by the 
transfer equation: 


Digital Counts = Vin: A Pree | 
Rin + VREF 


A = 4128 


where Digital Counts is the value of the BCD output word 
presented at Digits Out pins in response to Vin. 


The digital output code format is as follows: 


Analog Digital 
Input Output 
VIN < Full-Scale 1100110011001 
. = Full-Scale -1 LSB 1100110011001 
= 1LSB 0...000...1 


<0 0: ..<2 G00 «:.4°0 


External Component Selection 


Obtaining a high accuraccy conversion system depends on 
the voltage regulation of Vrer and the thermal stability of Rin 
and Rrer. The exact dependence is given by the transfer 
function. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Vop and Vss. The supply con- 
nections Vpp and Vss should have bypass capacitors of value 
0.1 uF or larger right at the device pins. 


Rin, REF 


Values of these components are chosen to give a full-scale 
input current of approximately 10 (BA anda reference current 
of approximately -20 pA. 


Vin Full-Scale 
10 pA 


RIN = 


Examples: 


Rn= °Y -1mMa0 RREF = “6.4V 
10 pA -20 pA | 


Note that these values are approximations, and the exact 


relationships are defined by the transfer equation. In prac- 
tice, the value of Rin typically would be trimmed using the 
optional gain adjust circuit to obtain full-scale output at Vin 
Full-Scale (see adjustment procedure). Metal film resistors 


with 1% tolerance or better are recommended for high accu- | 


racy applications because of their thermal stability and low 
noise generation. ; 


RBIAS 


Specifications for the TSC8750 are based on Raias = 100 ko. 
+10% unless otherwise noted. However, there are instances 
when the designer may want to change this resistor in order 


3 1/2 DIGIT ADC 
WITH PARALLEL BCD OUTPUT 


to affect the conversion time and the supply current. By 
decreasing Reias the A/D will convert much faster and the 
supply current will be higher. (For example: When Raias is 
20 k the conversion time is reduced by 1/3, and the supply 
current will increase from 2 mA to 7 mA.) Likewise, if the 
Rais is increased the conversion time will be longer and the 
supply current will be much lower. (For example: When Reias 
= 1m the conversion time will be six times longer; and the 
supply current is now reduced to .5 mA). For details of this 
relationship refer to AN-9 typical performance curves. 


RDAMP 


Exact value not critical but should have a nominal value of 
100 © +10%. Locate close to pin 14. 


CpDAMP 


Exact value not critical but should have a nominal value of 
270 pF +20%. Locate close to pin 14. 


CINT 


Exact value not critical but should have a nominal value of 
68 pF +10%. Low leakage types are recommended, although 
mica or ceramic devices can be used in applications where 
their temperature limits are not exceeded. Locate as close as 
possible to pins 14, 15. 


VREF 
A negative reference voltage must be supplied. This may be 


obtained from a constant current source circuit or from the 
negative supply. 


Vop, Vss 


Power supplies of +5 V are recommended, with 0.05% line 
and load regulation and 0.1 wF decoupling capacitors. 


Adjustment Procedure 


The test circuit diagram shows optional circuits fortrimming 
the zero location and full-scale gain. Because the digital out- 
puts remain constant outside of the normal operating range 
(i.e. below zero and above full-scale), it is recommended that 
transition points be used in setting the zero and full-scale 
values. Recommended procedure is as follows: 


© Set the initiate conversion control high to provide free- run 
operation and verify that converter is operating. 


® Set Vin to +1/2 LSB and trim the zero adjust circuit to 
obtain a 000...000...to 000...001 transition. This will 
correctly locate the zero end. ; 


® For full-scale adjustment, set Vin to the full-scale value 
less 1 1/2 LSB and trim the gain adjust circuit for 
a 1100110011000 to 1100110011001 transition. 


If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 
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TSC8750 


Application/Design Circuits 
3 1/2 Digit A/D with LCD Display 


LCD DISPLAY SHELLY NO 865401 OR EQUIVALENT 


= | 


ee 
B3] C3] 03] €3 A2] 82] c2] D2] €2] F2] G2 
yo} 11} 124 13] 9} 10} 11} 12] 13] 15] 14 


cena 
|_| 


a 
nies 
19 = 8{ 7 5 


Yoo 


INITIATE 
CONVERSION 


1,000's “~~ TSC8750 CMOS 
3 1/2 DIGIT A/D CONVERTER 


100K 


r 


ZERO 
ADJUST 


13 


20 aa 270 K 5.1M2 ~ 


Bipolar Operation (+ and - inputs) 


Absolute Value Circuit with Sign 


+5V 
O 


ZN Rpamp 
1N4148 ao 
(3) = 


oN Cpyamp 
ze | 
o SIGN BIT 


LOGIC OUTPUT 
(1=+,0=-) 


2N2222 
741 0R OR EQUIV. 


EQUIV. 


TSC8750 ADC 


* Optional visual indication of negative input 
NOTE: Values for R should be between 10K22 and 100K 
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TSC8750 
Microprocessor-Based ADC System 


PERIPHERAL 


TSC508 


ANALOG 
SENSOR 0 pane 
WN 


ANALOG 
MULTIPLEXER TSC8750 


INPUTS 


CONTROL 
BUS 


*OFFSET CORRECTION 
IN SOFTWARE 


can 
TSC9491 


Package Information 


(Package #12) | (Package #13) 
24-Pin Plastic Dip (J Package) 24-Pin Ceramic Dip (N Package) 


1.290 MAX. 


520 
.150 MIN. MAX. 
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“© TELEDYNE 
SEMICONDUCTOR TSC14433 
The Analog Signal Processing Company™ TS C 1 4 433 A 


TSC14433B 
3 1/2 DIGIT ADC WITH BCD OUTPUT 


FEATURES 

Accuracy: +0.05% of Reading +1 Count 
Two Voltage Ranges: 1.999 V and 199.9 mV 
Up to 25 Conversions Per Second 

Zin > 1000 M Ohm 

Single Positive Voltage Reference 
Auto-Polarity and Auto-Zero 

Overrange and Underrange Signals Available 
Operates in Auto Ranging Circuits 

Uses On-chip System Clock or External Clock 
Wide Supply Range: e.g., +4.5 V to +8.0 V 
Available in Surface Mount Packages 


BLOCK DIAGRAM 


Q0-Q3 1 


BCD DATA TSC 14433 


MULTIPLEXER 


DS1-DS4 
DIGIT STROBE 


rae POLARITY 
LATCHES DETECT 

ie as fea esTese 
i, 1000S OVERFLOW 


tae 


O OR OVERRANGE 


O Veer REFERENCE 
CMOS VOLTAGE 
ANALOG OVag ANALOG GROUND 
SUBSYSTEM 
Vx ANALOG INPUT 


Vop = PIN 24 

Vsg = PIN 13 

3} DISPLAY Veg = PIN 12 
© 


INTEGRATOR OFFSET 
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TSC14433B 


GENERAL DESCRIPTION 


The TSC14433 is a low power, high- 
performance, monolithic CMOS 3 1/2 digit A/D con- 
verter. The TSC14433 combines both analog and 
digital circuits on a single IC, thus minimizing the 
number of external components. This dual slope A/D 
converter provides automatic polarity and zero correc- 
tion with the addition of two external resistors and two 
capacitors. The full-scale voltage range of this ratio- 
metric IC extends from 199.9 millivolts to 1.999 volts. 
The TSC14433 can operate over a wide range of 
power supply voltages including batteries and standard 
5 volt supplies. 

The TSC 14433 will interface with the TSC7211A 
(LCD), TSC7212A (LED) and TSC700A (high LED 
current drive) display drivers. 

The TSC14433A/B feature improved perform- 
ance over the industry standard TSC14433. Rollover, 
which is the measurement of an identical positive and 
negative signals, is guaranteed to have the same 
reading within one count for the TSC14433A, and 
within four counts for the TSC14433B. Power con- 
sumption of the TSC14433A/B is typically 4 mW, 
approximately one half that of the industry standard 
TSC14433. 


Pin Configuration 


TSC 14433 
(PLCC) 


AV = Vppb -Vx (max) -0.5 
T= 4000x _1 
Where fCLK 
Riis in kQ 


Vop is. the voltage at pin 24 referenced to Vac 
Vx is the voltage at pin 3 referenced to Vac 
foLk is the clock frequency at pin 10 in kHz 


NOTES: 


3 1/2 DIGIT ADC WITH BCD OUTPUT 


Applications 


Portable Instruments 

Digital Voltmeters 

Digital Panel Meters 

Digital. Scales 

Digital Thermometers 

Remote A/D Sensing Systems 
MPU Systems 

See Application Notes 19 and 21 


Ordering Information 


Temperature 
Part No. Package Range 
TSC14433ACJ 
TSC14433BCJ 24-pin Plastic Dip -40°C to +85°C 
TSC14433CJ 
TSC14433ACL 
TSC14433BCL 24-pin CerDIP -40°C to +85°C 
TSC14433CL 
TSC14433AELI 28-pin PLCC -40°C to +85°C 

60-Pin Plastic 

TSC14433BQ Flat Package: ~40°C to +85°C 


Formed Leads 
Devices with 160 Hour, +125°C Burn-in 
TSC14433CJ/BI 24-Pin Plastic Dip -40°C to +85°C 
TSC14433CL/BI 24-Pin CerDIP -40°C to +85°C 


"~~ 


TSC14433 
(BQ) 


1, NC = NO INTERNAL CONNECTION 


2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE 


PINS IS APPROXIMATELY Vt, NO EXTERNAL CONNECTIONS SHOULD BE MADE. 
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PRODUCT INFORMATION 


Absolute Maximum Ratings 


Recommended Operating Conditions 


(Vss = 0 or VEE) 


RATING SYMBOL VALUE UNIT 
Wes te “05 to PARAMETER SYMBOL VALUE UNIT 

DC Supply Voltage VEE +18 Vde DC Supply Voltage — 

Voltage: Any:Pin 05 to Vpp to Analog Ground Vpp +5.0 to +8.0 Vdc 

Beieronted fovce Vop 105 Vdc Vee to Analog Ground VEE -2.8 to -8.0 

DC Current | - ee Clock Frequency fCLK 32 to 400 kHz 

Drain Per Pin Zero Offset C 0.1 +209 F 

Correction Capacitor “° ah eee B 

Operating Tempera- T AO to +85 20 

ture Range a Note: This device contains circuitry to protect the inputs against damage due 
to high static voltages or electric fields; however, it is advised that normal pre- 

Storage Tempera- TstcG -65 to +150 °C cautions be taken to avoid application of any voltage higher than maximum 


ture Range 


rated voltages to this high impedance circuit. For proper operation it is recom- 
mended that Vin and VouT be constrained to the range Vee < (Vin or VouT) 


< Vpp. 


Electrical Characteristics: (c)=0.1 uF mylar, Ri=470 kO @ Vrer =2.000 V, Ri= 27 kO @ VrEF= 200.0 mV, Co=0.1 uF, 


Rc = 300 kQ; all voltages referenced to Analog Ground, pin 1.) 
Vpp VEE -40°C 25°C 85°C 
CHARACTERISTIC SYMBOL Vdc Vdc MIN MAX MIN TYP MAX MIN MAX UNIT 
Rollover Error (Difference 14433A — — -1 — +1 = — 
in reading for equal positive 14433B — — -4 — +4 — — counts 
and negative reading near 14433 _ — — — — — — 
Full-Scale) 
—Vin = +Vixyi 200 mV Full-Scale 
Linearity Output Reading (Note 1) — 
(VREF = 2.000 V) 5.0 -5.0 — _ -0.05 +0.05 +0.05 _ — %rdg 
(VREF = 200.0 mV) 5.0 -5.0 — — -1 count — +1 count — — 
Stability Output Reading (Note 2) — 
(Vx = 1.990 V, VReF = 2.000 V) 5.0 -5.0 — — — — 2 _ — LSD 
(Vx = 199.0 mV, 
VreF = 200.0 mV) 5.0 -5.0 —_ — — — — — LSD 
Zero Output Reading — 5.0 -5.0 — — —_ 0 = — LSD 
(Vx = 0 V, Vrer = 2.000 V) 
Bias Current — 
Analog Input — 5.0 -5.0 — — — +20 +4100 _ — pA 
Reference Input 5.0 -5.0 — — — + 20 + 100 — — pA 
Analog Ground 5.0 -5.0 — — — + 20 + 500 = — pA 
Common-Mode Rejection 
(Vx = 1.4 V, VRer = 2.000 V, 5.0 -5.0 — — or 65 a =, os dB 
foc = 32 kHz) 
Output Voltage — Pins 14 to 23 
(Vss = 0 V) “0” Level VoL 5.0 -5.0 — 0.05 — 0 0.05 — 0.05 V 
“1” Level VOH 50 -5.0 4.95 — 4.95 5.0 — 4.95 _ V 
(Vss=-5.0V) “0” Level VOL 5.0 -5.0 — -4.95 — ~5.0 -4.95 _ ~4.95 V 
“1” Level VOH 5.0 -5.0 4.95 — 4.95 5.0 _ 4.95 _ V 
Output Current — Pins 14 to 23 
(Vss = OV) 
(VOH = 4.6 V) Source IOH 5.0 -5.0 -0.25 — -0.2 -0.36 — -0.14 — mA 
(VoL = 0.4 V) Sink lou 5.0 -5.0 0.64 — 0.51 0.88 — 0.36 — mA 
(Vss = -5.0 V) 
(VOH = 4.5 V) Source IOH 5.0 -5.0 -0.62 — -0.5 -0.9 — -0.35 — mA 
(VoL = -4.5 V) Sink lo 5.0 -5.0 1.6 — 1.3 2.25 _ 0.9 —_ mA 
Clock Frequency (Rc = 300 kQ) foLk 5.0 -5.0 — — cal 66 — — _ kHz 
Input Current — DU Ipu 5.0 -5.0 — +0.3 — +0.00001 +0.3 — +1.0 pA 
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TSC14433 © 3 1/2 DIGIT ADC WITH BCD OUTPUT 
TSC14433A 
TSC14433B 


Electrical Characteristics: (c)=0.1 uF mylar, Ri=470 kO @ Vrer =2.000V, Ri=27 kO@ VreF- 200.0 mV, Co=0.1 uF, 
Rc = 300 kN; all voltages referenced to Analog Ground, pin 1.) 


—Vpp Vee 40°C 25°C 85°C 
CHARACTERISTIC SYMBOL Vdc Vdc MIN MAX MIN. TYP MAX MIN MAX UNIT 
Quiescent Current | 50 50 — 3.7 = 0.4 2.0 _ 1.6 mA 
Veo to Ver ke soy, eee ta 80-80." = 74 = 14. 40 — 32 mA 
an 5.0 -5.0 = 3.7 = 0.9 2.0 es 16 mA 
Q 8.0 -8.0 - ——— 18 4.0 = 3.2 mA 


Supply Rejection 


(Vpop to VEE, Iss = 0, _ 5.0 -5.0 — = oa 0.5 = — — mvV/V 
Vrer = 2.000 V) 
Note: 
1. Accuracy — The accuracy of the meter at full-scale is the accuracy of the zero is defined as the linearity specification. 
setting of the reference voltage..Zero is recalculated during each conver- 2. Three LSD stability for 200 mV scale is defined as the range that the LSD will 
sion cycle. The meaningful specification is linearity. In other words, the occupy 95% of the time. 
deviation from correct reading for all inputs other than positive full-scale and 3. Pin numbers refer to 24-pin DIP. 
Pin Description 
PIN NO. PIN NO. 
~60-Pin = =24-Pin SYMBOL DESCRIPTION 
FP DIP | 7 
7 , Wis This is the Analog Ground. It has a high input impedance. This pin determines the — 


reference level for the unknown input voltage (Vx) and the reference voltage (VREF). 


Reference voltage. Full-scale output is equal to the voltage applied to VRer. Therefore, 
10 2 Vee full-scale voltage of 1.999 V requires 2.000 V reference and 199.9 mV full-scale requires a 
. 200 mV reference. Vrer functions as system reset, also. When switched to 0 VEE the 
system is reset to the beginning of the conversion cycle. 


12 3 Vx The Unknown Input Voltage (Vx) is measured as a ratio of the meicrence voltage (VREF) 
in a ratio-metric A/D conversion. 


| These pins are for external components used for the integration function in the dual slope 
19 4 R1 
conversion. Typical values are 0.1 uF (mylar) capacitor for C1. 


22 5 R1/C1 Ri = 470 kf (resistor) for 2.0 V full-scale. 
24 6 Ci Ri = 27 kf (resistor) for 200 mV full-scale. 
Clock frequency of 66 kHz gives 250 ms conversion time. See equation below for 
calculation of integrator component values. 
25 7 CO1 These pins are used for connecting the offset correction capacitor. The recommended 
26 8 CO2. value is 0.1 uF. 


Display Update input pin. When DU is connected to the EOC output every conver- 
sion is displayed. | 

27 9 DU New data will be strobed into the output latches during the conversion cycle if a positive 
edge is received on DU prior to the ramp-down cycle. When this pin is driven from an 
external source, the voltage should be referenced to Vss. 


34 10 CLK Clock input pins. The TSC 14433 has its own oscillator system clock. Connecting asingle 
L — resistor between CLK1 and CLKo sets the clock frequency. . 
36 11 CLKo A crystal or LC circuit may be inserted in lieu of a resistor for improved stability. . 


CLKi, the clock input, can be driven from an external clock source, which need only 
have standard CMOS output drive. This pin is referenced to Vee for external clock inputs. 
A 300 kf resistor yields a clock frequency of about 66 kHz. (See typical characteristic 
curves). (See Figure 9 for alternate circuits). 


Negative Power Supply. Connection pin for the most negative supply. Please note the 
37 12 VEE current for the output drive circuit is returned through Vss. Typical supply current 
is 0.8 mA. . 
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PRODUCT INFORMATION TSC14433 
TSC14433A 
TSC14433B 


Pin Description 


PIN NO. PIN NO. 
60-Pin 24-Pin SYMBOL DESCRIPTION 
FP DIP 
Negative Power Supply for Output Circuitry. This pin sets the low voltage level for the 
39 13 Vise output pins (BCD, Digit Selects, EOC, OR). When connected to analog ground, the output 
voltage is from analog ground to Vpp. If connected to Veg, the output swing is from VEE 
to Vpop. The recommended operating range for Vss is between Vpop -3.0 volts and VEE. 


40 14 EOC End of Conversion output generates a pulse at the end of each conversion cycle. 
This generated pulse width is equal to one half the period of the system clock. 
41 15 OR Overrange pin. Normally this pin is set high. When Vx exceeds Vrer the OR pin is low. 
49 16 DSa Digit Select pins. The digit select output goes high when the respective digit is selected. 
The MSD (1/2 digit) turns on immediately after an EOC pulse. 
51 17 DS3 The remaining digits turn on in sequence from MSD to LSD. 
To ensure that the BCD data has settled, an inter-digit blanking time of two clock periods is 
me us DS2 included. 
Clock frequency divided by 80 equals multiplex rate. Forexample a system clock of 66 kHz 
54 19 DSi 
gives a multiplex rate of 0.8 kHz. 
5 20 Qo See Figure 12 for Digit Select Timing Diagram. 
4 D4 Q} BCD Data Output pins. Multiplexed BCD outputs contain 3 full digits of information 
during digit select DS2, 3, 4. 
57 22 Q2 During DS1, the 1/2 digit, overrange, underrange and polarity information is available. 
55 23 Q3 Refer to Truth Table. 
6 24 Vpp Positive Power Supply. This is the most positive power supply pin. 


ro Eee 
Vee =-8V 
Vpp =t8V 


NOTE: ROLLOVER ERROR IS THE DIFFERENCE IN 
OUTPUT READING FOR THE SAME ANALOG 
INPUT SWITCHED FROM POSITIVE TO NEGATIVE. 


|, — QUIESCENT CURRENT (mA) 


ROLLOVER ERROR (IN LSD) AT FULL SCALE 
(PLUS COUNT LESS MINUS COUNT) 


-4 -3 2 = 0 1 2 3 4 
(IVppl- Vee!) — SUPPLY VOLTAGE SKEW (VOLTS) Tq — TEMPERATURE (°C) 


Figure 1: Typical Rollover Error vs. Power Supply Figure 2: Typical Quiescent Power Supply Current vs. 
Skew. Temperature. 
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TSC14433 
TSC14433A 
TSC14433B 


Typical Characteristics (Cont.) 


ly — SINK CURRENT (mA) 


Vps — DRAIN TO SOURCE VOLTAGE (Vdc) 


Figure 3: Typical N-Channel Sink Current at Vop -Vss 
= 5 Volts. 


1M NOTE: +5% TYPICAL VARIATION OVER SUPPLY 
VOLTAGES RANGE OF +4.5 V TO +8 V. 


100 k 


10 kQ 100 kQ TMQ 


IcLk — CLOCK FREQUENCY (Hz) 


Rc — CLOCK FREQUENCY RESISTOR 


Figure 5: Typical Clock Frequency vs. Resistor (Rc). 


CONVERSION RATE = 


MULTIPLEX RATE = 


Circuit Description 


The TSC14433 CMOS IC becomesa modified dual slope A/D 
with a minimum of external components. This IC has the cus- 
tomary CMOS digital logic circuitry as well as the CMOS 
analog circuitry. It provides the user with digital functions 
(Such as counters, latches, multiplexers ) and analog func- 
tions (such as operational amplifiers and comparators) ona 
single chip. 


Features of this sytem include auto-zero, high input impe- - 


dances and autopolarity. Low power consumption and a 


CLOCK FREQUENCY 


3 1/2 DIGIT ADC WITH BCD OUTPUT 


|, ~ SOURCE CURRENT (mA) 


Vos — DRAIN TO SOURCE VOLTAGE (Vdc) 


Figure 4: Typical P-Channel Source Current at Vop 
-Vss = 5 Volts. 


IcLK — CLOCK FREQUENCY (%CHANGE) 


Ta — TEMPERATURE (°C) 


Figure 6: Typical % Change of Clock Frequency vs. 
Temperature. 


16,400 #1.5% 


CLOCK FREQUENCY 


wide range of power supply voltages are also advantages of 
this CMOS device. The system’s auto-zero function compen- 
sates for the offset voltage of the internal amplifiers and 
comparators. In this “ratiometric system,” the output reading 
is the ratio of the unknown voltage to the reference voltage 
where a ratio of 1 equal to the maximum count of 1999. It 
takes approximately 16,000 clock periods to complete one 
conversion cycle. Each conversion cycle may be divided into 
six segements. Figure 7 shows the conversion cycle in 6 


segments for both positive and negative inputs. 


Segment 1 — The offset capacitor (Co), which compensates 
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PRODUCT INFORMATION 


END 


| 


TIME 
SEGMENT 
NUMBER 


TYPICAL POSITIVE 
INPUT VOLTAGE 


TYPICAL NEGATIVE 
INPUT VOLTAGE 


Figure 7: Integrator Waveforms at Pin 6. 


for the input offset voltages of the buffer and integrator 
amplifiers, is charged during this period. However, the inte- 
grator capacitor is shorted. This segment requires 4000 clock 
periods. 


During Segment 2 — The integrator output decreases to the 
comparator threshold voltage. At this time a number of 
counts equivalent to the input offset voitage of the compara- 
tor is stored in the offset latches for later use in the auto-zero 
process. The time for this segment is variable, and less than 
800 clock periods. 


Segment 3 — This segment of the conversion cycle is the 
same as Segment 1. 


(A) CRYSTAL OSCILLATOR CIRCUIT 


“i 
TSC 14433 


10 pF < C1 AND C2 < 200 pF 


Figure 9: Alternate Oscillator Circuits. 


Applications Information 


Figure 10 is an example of a 3 1/2 digit voltmeter using the 
TSC14433 with common-anode displays. This system require 
a 2.5 V reference. Full-scale may be adjusted to 1.999 V or 
199.9 mV. Input overrange is indicated by flashing a display. 


TSC14433 
TSC14433A 
TSC14433B 


BUFFER INTEGRATOR COMPARATOR 


Cc 


| Shp 


Figure 8: Equivalent Circuit Diagrams of the Analog 
Section During Segment 4 of the Timing 
Cycle. 


Segment 4 — Segment 7 is an up-going ramp cycle with the 
unknown input voltage (Vx) as the input to the integrator. 
Figure 8 shows the equivalent configuration of the analog 
section of the TSC14433. The actual configuration of the 
analog section is dependent upon the polarity of the input 
voltage during the previous conversion cycle. 


Segment 5 — this segment is a down-going ramp period with 
the reference voltage as the input to the integrator. Segment 
5 of the conversion cycle has a time equal to the number of 
counts stored in the offset storage latches during Segment 2. 
As a result, the system zeros automatically. 


Segment 6 — This is an extension of Segment 5. The time 
period for this portion is 4000 clock periods. The results of 
the A/D conversion cycle are determined in this portion of the 
conversion cycle. 


(B) LC OSCILLATOR CIRCUIT 


4 
TSC 14433 


f =" 2/LC 


FOR L=5 mH ANDC = 0.01 uF, f = 32 kHz 


This display uses LEDs with common anode digit lines. 
Power supply for this system is shown as a dual +5 V supply; 
however, the TSC14433 will operate over a wide voltage 
range (see recommended operating conditions, page 3). 
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TSC14433 3 1/2 DIGIT ADC WITH BCD OUTPUT 
TSC14433A 
TSC14433B 


SEGMENT RESISTORS 
1508? (7) 


““~ 


TSC14433 


MINUS SIGN 


. 20082 
MPS.A12 PLUS SIGN 


COMMON ANODE 
LED DISPLAY 


_ “Ry = 470k 82 FOR 2 V RANGE 
Ry = 27 k &2FOR 200 mV RANGE 
**MYLAR CAPACITOR 


0.1,F 470k 0.1yF 
140248 


Co2 R11 R1/C1 


"~ 


Vas -+§014433 


VREF 
Vop Vss Vee EOC DU Rc 


+V 


% 140708 


14543B 


gf edchba 
140708 


MINUS 


D SIGN 


PRODUCT INFORMATION 


EOC —+>| 1/2 CLOCK CYCLE 


TSC14433 
TSC14433A 
TSC14433B 


# 16,400 CLOCK CYCLES 
BETWEEN EOC PULSES 


nee ar 


= 18 CLOCK CYCLES 


DS1 
1/2 DIGIT 
(MSD) 


ps2 2 CLOCK cyctes > +—— 


DS3 | | 
DS4 
(LSD) 


Figure 12: Digit Select Timing Diagram 


The circuit in Figure 11 shows a 3 1/2 digit LCD voltmeter. 
The 14024B provides the low frequency square wave signal 
drive to the LCD backplane. Dual power supplies are shown 
here, however, one supply may be used when Vss is con- 
nected to VEE. In this case Vag must be at least 2.8 V above 
VEE. 

When only segment b and c of the decoder are connected to 
the 1/2 digit of the display, 4, 0, 7 and 3 appear as 1. 


The overrange indication (Q3 = 0 and QO = 1) occurs when 
the count is greater than 1999, e.g., 1.999 V for a reference of 
2.000 V. The underrange indication, useful for autoranging 
circuits, occurs when the count is less than 180, e.g., 0.180 V 
fora reference of 2.000 V. 


CAUTION: If the most significant digit is connected to a dis- 
play other than a “1” only; such as a full digit display, seg- 
ments other than b and c must be disconnected. The BCD to 
seven segment decoder must blank on BCD inputs 1010 to 
1111. 


TRUTH TABLE 


BCD TO 7 SEGMENT 
Q3 Q2 Q1 Qo DECODING 


CODED CONDITION 
OF MSD 


4-14 Hook Up 
6 ad only seg b 
ae and c to 
34 MSD 


o}-0OoO +0 +0 — 
—~ = Oonr-A + = 
|= 3Aco-=-00 


oooo-. —_ —- — 


Notes for Truth Table 


Q3 — 1/2 digit, low for “1”, high for “O” 

Q2— Polarity: “1" = positive, “O” = negative 

QO — Out of range condition exists if QO = 1. When used in conjunction with 
Q3 the type of out of range condition is indicated, i.e., Q3 =0 OR or Q2 
= 1¥UR. 
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TSC14433_ 3: 1/2 DIGIT ADC WITH BCD OUTPUT 
TSC14433A 
TSC14433B 


MULTIPLEXED 


DS1 DS2 DS3 DS4 
0 °¢O 


DO D1 D2 D3 i DO D1 D2 D3 
Cc 140428 POL 


POL 14042B 14042B POL POL 14042B 


Qo QT Q2 Q3 Qo Qi Q2 a3 Q0 Qt Q2 Q3 Q0 Qi Q2 Q3 


DO D1 D2 D3 DO Di D2 D3 DO D1 D2 D3 DO D1 D2 D3 
14175B R 14175B R 14175B R 14175B 


Qo Qi Q2 Q3 Qo Qi Q2 Q3 a0 Q1 Q2 Q3 Qo Q1 Q2 Q3 


470k ft O.1KF 0.1LF 


RESISTOR NETWORK 
OR INDIVIDUAL RESISTORS* 


“" 


TSC9491 
REFERENCE TSC 14433 
VREF 


DS4 DS3 DS2 DS1 


For Vreg = 2.000 V 
Vx: 1.999 V full scale 


tFor Vaer = 200.0 mv 
Vx: 199.9 mV full scale 
(change 470 k Q to Ry = 27 kQ 
and decimal point position) 
COMMON CATHODE 


*To increase segment current 
LED DISPLAY 


capability add two 75491 ICs 

between 14511B and Resistor 

Network. The use of the 1413 

as digit driver increases digit 

current capability over the 75492. 

Peak digit current for an eight 75492 
displayed is 7 times the segment OR 
current. ; 1413* 


**Vee can range between -2.8 and DIGIT DRIVERS 


-11V. 


ALTERNATE OVERRANGE CIRCUIT 
WITH SEPARATE LED 


1/6 


Figure 14: 3 1/2 Digit Voltmeter with Low Component Count using Common Cathode Displays. 
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PRODUCT INFORMATION 


INPUT © 


“—“e 
TSC 14433 


3 1/2 DIGIT 
A/D CONVERTER 


1/2 CD4013 
Q 
DISPLAY 
FLASHES ON 


OVERRANGE = 


Figure 15: TSC7212A Interface to TSC14433 3 1/2 Digit ADC. 


Figure 14 is an example of a 3 1/2 digit LED voltmeter with a 
minimum of external components (only 11 additional com- 
ponents). In this circuit the 14511B provides the segment 
drive and the 75492 or 1413 provides sink for digit current. 
Display is blanked during the overrange condition. 
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TSC7212A 


TSC14433 
TSC14433A 
TSC14433B 


LED DISPLAY 


DRIVER 


A2 
B2 
c2 
D2 
E2 
F2 
G2 


A3 
B3 
C3 
D3 
E3 
F3 
G3 


Aa 
B4 
c4 
D4 
E4 


LED DISPLAY 


L 
7 


MONSANTO 
MAN 6630 


300k°? 4 


MONSANTO 
MAN 6610 


*Numbers in Parentheses Denote Pin 
Connections for Monsanto Displays. 


Notes 


ENGINEER: 


_ DEPT: 
PROJECT: ee 
DESCRIPTION 
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Section 8 
Binary A/D Converters 


“~ TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ | 
TSC500 


INTEGRATING CONVERTER 
ANALOG PROCESSOR 


FEATURES 

M@ Resolution ............. 20,000 counts +sign 

@ Differential Analog Input 

@ Differential Reference 

M@ Low Linearity Error ................. 0.005% 

@ Fast Zero-Crossing Comparator .......... 4 us 

@ Low Power Dissipation ............... 10 mW 

™@ Auto-Zero Cycle Eliminates Zero-Scale Error & 
Drift 


M@ Zero integrator Phase Speeds Recovery From 
Over-range Input Signals 7 
M@ Automatic Internal Polarity Detection 


@ Low Input Current ................ 15 pA Max 

@ Wide Analog Input Voltage ............ +4.2V 

™@ Microprocessor Control of Dual Slope ADC 
Conversion | _ 


FUNCTIONAL DIAGRAM 


CONTROL LOGIC 
CONVERTER STATE 
, ZERO INTEGRATOR OUTPUT 
REF AUTO-ZERO (ZERO SCALE OFFSET/DRIFT CORRECTION) 
r, _ SIGNAL INTEGRATE 
CREF O OREFHI REFLOO © CREF DEINTEGRATE (REFERENCE VOLTAGE INTEGRATE 


So, Sy, 
E: SWr swe OY 
+ INTEGRATOR 
VIN 
oS a 
L COMPARATOR 
a => SHIFT aa OPTEUT 


a. TSC500 


swyz NZ @ 


POLARITY 
DETECTION 


PHASE 
DECODING 


SIGNALS 


ane 
CONTROL LOGIC 


CRer= tet 
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TSC500 


IMPROVED PERFORMANCE 


The improvements allow upto 20,000 counts of resolution 
{plus sign) or faster conversion times for lower resolution 
applications. 


GENERAL DESCRIPTION 


The CMOS TSCS500 contains all the. spacer circuits 
needed to construct an integrating analog-to-digital 


INTEGRATING CONVERTER 
_ ANALOG PROCESSOR 


ORDERING INFORMATION 


' _ Temperature § System* 
Part No. Package Range Resolution 
16-Pin 4 1/2 digit 
| TSC500CPE Plastic Dip» 0° a to 70° C (30 ppm) 
16-Pin | 4 1/2 digit 
TSC500IJE CerDIP -25° C to +85° C (30 ppm) 
TSC500COE 16-PINS.O. O°Cto70°C. 4 1/2 digit 
7 (30 ppm) 


_ converter. The analog input buffer, integrator, analog 
switches, comparator and phase contro! logic are all on 
chip. . 

The dual slope converter uses time to quantize the 
analog input signal. A microprocessor and software routine 
perform the digital function of “counting clocks” for the dual 
slope integrating converter process. The user can control 
resolution and conversion speed through software. The 
TSCS500A analog building block can be used to contruct an 
8-bit or high resolution 4 1/2 digit converter by 
modifying software routines. - 

A microprocessor controls the TSC500 through theA 
and B logic input signals. Four TSC500 phases are 
possible: auto-zero, signal integrate, reference integrate 
(deintegrate), and integrator zero output. 

The TSC500 comparator output provides polarity 
and integrator zero crossing information. The comparator 
Output is always low when the integrator crosses zero 
during the deintegrate phase. This signals the end of a 
conversion to the processor. 

A precision dual slope integrating converter with 
automatic zero scale offset voltage and drift correction 
requires only areference, three capacitors, aresistor anda 
controller. The TSC500 contains the analog circuits 
needed to construct a dual slope integrating converter with 
an auto-zero phase. A zero-integrator ouput phase can be 
selected to eliminate errors caused by out-of-range input 
signals. The zero integrator phase greatly improves 
recovery after an over-range conversion. 

The CMOS TSC500 operates from +5 V supplies. 
Power dissipation in only 10 mW. Leakage currents at the 
differential inputs are alow 10 pA. The TSC500 differential 
references inputs allows easy ratiometric measurements. 


*For 16 bit resolution see TSC500A data sheet 
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Pin Configuration | | 


ae 


TSC500 


ANALOG 
COMMON 


CPE/JE 


mal 


TSC500 


ANALOG 
COMMON LJ 


PRODUCT INFORMATION 


Absolute Maximum Ratings 


Supply (Vs to Vs) 


Positive Supply Voltage (Vs to Gnd) 
Negative Supply Voltage (Vs to Gnd) 


Analog Input Voltage (Vin or Vin) 
Logic Input Voltage 


ANALOG 


ae iatereniie Vs + 0.3 V to Gnd - 0.3 V 


TSC500 


Lead Soldering Temperature (60 seconds) 


Package Power Dissipation ................ 0.5 W 
Sree en 18V Ambient Operating Temperature Range 
ee ee 12V CerDIP Package (I) ........... -25°C to +85° C 
er ee -12V Plastic Package (C)............ O° Cto+70°C 
er VstoVs Storage Temperature ............. -55°C to 150°C 


. +300°C 


Electrical Specifications: Ta = 25° C, Vs = +5 V unless otherwise specified. Caz = Crer = 0.1 pf. 


SYMBOL 


ZSE 
ENL 
NL 


DNL 


TCzs 


SYE 


FStc 


lin 


CMRR 


CMVR 


PARAMETER 
Resolution 
Zero-Scale Error 
End Point Linearity 


Best Case Straight 
Line Linearity 


Differential 
Non-Linearity 


Zero-Scale 
Temperature 
Coefficient 


Full-Scale 
Symmetry Error 
(Rollover Error) 


Ratiometric 
Reading 


Full-Scale 
Temperature 
Coefficient 


Input Current 


Common-Mode 
Rejection Ratio 


Common-Mode 
Voltage Range 


Integrator 
Output 
Swing 


Analog Input 
Signal Range 


Noise 


TEST 
CONDITIONS 


Note 1 
Note 1 
Note 1 
Note 1,2 


Over Operating 
Temperature Range 


4 1/2 digit 
Resolution. 


Vin = Vrer = 1.0 V 


Over Operating 
Temperature Range 
External 

Reference 

Te = 0 ppm/° C 


Vin=OV 
-1V<Vem<1V 


Vs=2t5V 


Vs=t5V 


Vin=OV 
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Vs+1.5 


Vs +08 


nue 


G 
=) 


0.005 
0.01 
0.005 


0.0025 


0.035 


Vs-1.5 


Vs - 0.8 


UNIT 
ppm 


% 


% 


ppm/° C 


LN p-p 


TSC500 


DIGITAL 


INTEGRATING CONVERTER 
ANALOG PROCESSOR 


Electrical Specifications: T, = 25°C, Vs = +5 V unless otherwise specified. Caz = Crer = 0.1 pf. 


SYMBOL PARAMETER 
Reference Input 


Signal Range 
Vou Comparator 
Logic 1 
Output 
Vor Comparator 
~ Logic 0 
Output 
Vin Logic 1 
Input Voltage 
Vi Logic 0 
| Input Voltage 
he Logic Input Current 
to Comparator Delay 


POWER 


TEST | | TSC500 | 
CONDITIONS MIN TYP MAX UNIT 
~~ Pete | 
a 7 " Pf 
a ee ee 
| | * 


Electrical Specifications: Ts = 25° C, Vs = +5 V unless otherwise specified. Caz= Crer = 0.1 uf. 


SYMBOL PARAMETER 


Is Supply Current 
Pp Power Dissipation 
Vs Positive Supply 
Operating 
Voltage Range 
Vs Negative Supply 
Operating 


Voltage Range 


VS-Vs Supply Operating 
Voltage Range 


Notes: 


TEST ~  TSC500 | 
CONDITIONS MIN TYP MAX UNIT 


Vs=+5V,A=1,B=1 
Vs=it5V 


1. Integrate time = 200 mSec, Auto-Zero time = 100 


mSec, Vint (PEAK) ~ 4V 


2. End Point Linearity at 1/4, +1/2, +3/4 FS after Full- 


Scale Adjustment. 
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PRODUCT INFORMATION 


TSC500 Operation Theory 


The TSC500 incorporates a system zero and 
integrator output voltage zero phase to the normal two 
phase dual slope measurement cycle. Reduced system 
errors, fewer calibration steps and a shorter over-range 
recovery time result. 


The TSC500 measurement cycle can use all four 
phases if desired. 


@ System Zero 

@ Analog Input Signal Integration 

@ Reference Voltage Integration (Deintegrate Phase) 
@ Integrator Output Zero 


Internal analog gate status is shown in Table 1 for each 
phase. 


Table 1: Internal Analog Gate Status 


Conversion 


Phase Internal Analog Gate Status 
SW, SWa SWa SWz SWa_ SW; 


Closed Closed Closed 


SWiz 


Auto-Zero 
{A=0, B=1) 
Input Signal 
Integration 
(A=1, B=0) 
Reference 
Voltage 
Deintegration 
(A=1, B=1) 
Integrator 


Output 
Zero (A=0, B=0) 


Note: “Assumes a positive polarity input signal. SWai would be 
closed for a negative input signal. 


Closed 


Closed” Closed 


Closed Closed Closed 


System Zero Phase (Auto Zero) 


During this phase, errors due to buffer, integrator and 
comparator offset voltages are compensated for by 
charging Caz (auto-zero capacitor) with a compensating 
error voltage. 


The external input signal is disconnected from the 
internal circuitry by opening the two SW, switches. The 
internal input points connect to analog common. The 
reference capacitor charges to the reference voltage 
potential through SWr. A feedback loop, closed around the 
integrator and comparator, charges the Caz capacitor with a 
voltage to compensate for buffer amplifier, integrator and 
comparator offset voltages. | 


TSC500 


Analog Input Signal Integration Phase 


The TSC500 integrates the differential voltage 
between the + Input and - Input. The differential voltage 
must be within the device common-mode range. 


The input signal polarity is normally checked via 
software at the end of this phase. 


Reference Voltage Deintegration 


The previously charged reference capacitor is 
connected with the proper polarity to ramp the integrator 
output back to zero. 


Integrator Output Zero 


This phase guarantees the integrator output is at zero 
volts when the system zero phase is entered and that the 
true system offset voltages are compensated. This phase 
should be employed at the end of the Reference Voltage 
Deintegration phase. The Integrator Output Zero phase 
should be programmed to operate only until the output of 
the comparator returns ‘‘high” (1). Excess time may 
introduce charge injection errors. 


TSC500A Analog Section 
Differential Inputs (Vin [Pin 11], Vin [Pin 10]) 


The TSC500 operates with differential voltages within 
the input amplifier common-mode range. The input amplifier 
common-mode range extends from 0.8 V below. the 
positive supply to 0.8 V above the negative supply. Within 
this common-mode voltage range a common-mode re- 
jection ratio is typically 80d0B. full accuracy is maintained, 
however, when the inputs are no more than 1.5 V from 
either supply. 


The integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to 
saturate. A worst case condition exists, forexample, when a 
large positive common-mode voltage with a near full-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced. The integrator output can swing within 0.9 
volts of either supply without loss of linearity. 


Analog Common (Pin 5) 


Analog common is used as the Vin return during 
system-zero and reference deintegrate. If Vin is 
different from analog common, a common-mode voitage 
exists in the system. This signal is rejected by the excellent 
CMRR of the converter. In most applications Vin will be set 
at a fixed known voltage (power supply common, for 
instance). A common-mode voltage will exist when Vin is 
not connected to analog common. 
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Differential Reference (V‘aer Pin 9], V REF 
[Pin 8)) 


The reference voltage can be veherated anywhere 
within one volt of the power supply voltage of the converter. 
Roll-over error is caused by the reference capacitor losing 
or gaining charge due to stray capacitance on its nodes. 
The difference in reference for (+) or (-) input voltages will 
cause a roll-over error. This error can be minimized by 
using a large reference capacitor in comparison to the stray 
Capacitance. 

Phase Control Inputs (A [Pin 12], B [Pin 13]). 

The A,B unlatched logic inputs select the TSC500 


operating phase. The A,B inputs are normally driven by a 
microprocessor |/O port or peripheral input/output chip. 


Comparator Output | 

By monitoring the comparator output during the fixed 
signal integrate time the input signal polarity can be 
determined by the microprocessor controlling the con- 
version. The comparator output is high for positive signals 
and low for negative signals quang the signal integrate 
phase (Figure 1). 


During the variable reference deintegrate phase the 
comparator output will make a high to low transition as the 
integrator output ramp crosses zero. This indicates the 
conversion is complete. The transition is used to signal the 
processor that the conversion is complete. | 


The internal comparator delay is 4 usec typically. 


Figure 1 shows the comparator output for large 
positive and negative signal inputs. For signal inputs at or 
near zero volts, however, the integrator swing is nonexistent. 
If common-mode noise is present, the comparator can 
switch several times during the signal integrate period. To 
ensure that the polarity reading is correct, the comparator 
Output should be read and stored at the end of Signal 
Integrate. . 

A “low” (0) on the TSC500, comparator, during the 

deintegrate phase, signals the processor that the conversion 
is complete. 


INTEGRATING CONVERTER 
“ANALOG PROCESSOR 


SIGNAL INTEGRATE , REFERENCE DEINTEGRATE 


INTEGRATOR 
OUTPUT 


ZERO CROSSING 


COMPARATOR | 
OUTPUT ; 
A. Positive Input Signal 


SIGNAL INTEGRATE , REFERENCE DEINTEGRATE 


| 

| 

. | 

f | 

INTEGRATOR | 
OUTPUT 


ZERO ee 


| 
| 
| 
| 
| 
| 
| 


COMPARATOR | 
OUTPUT 


B. Negative input Signal 
Figure 1: Comparator Output 


General Theory of Operation 
Dual Slope Conversion Principles 


The TSC500 is an integrating analog-to-digital 
converter building block. An understanding of the dual 
slope conversion technique will aid in following the detailed 
TSC500A operation theory. 


The conventional. dual slope converter measurement 
cycle has two distinct phases: 


@ Input Signal Integration . 
li Reference Voltage Integration (Deintegration) 


The input signal being converted is integrated for a 
fixed time period. Time is measured by counting clock 
pulses. An opposite polarity constant reference voltage is 
then integrated until the integrator output voltage returns to 
zero. The TSC500 automatically switches in the proper 
polarity reference signal. The reference integration time is 
directly proportional to the input signal. (Figure 2) 


Inasimple dual slope converter, a complete conversion 
requires the integrator output to “ramp-up” and “ramp- 
down.” The TSC500 comparator zero-crossing signals 
the processor to indicate the deintegrate cycle is complete. 
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Figure 2: Basic Dual Slope Converter with TSC500 


A simple mathematical equation relates the input 
signal, reference voltage and integration time: 


i Tint 
a Vin (t) dt = 
Rint Cint fe wv (t 


Vrer Teint 


Rint Cint 


Where: 
Vrer = Reference Voltage 
Tint = Signal Integration Time (Fixed) 


Tpoeint = Reference Voltage Integration Time 


(Variable) 
Fora constant Vin: 
Vin = Vrer Toewr 


INT 


The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. 


An inherent benefit is noise immunity. Input noise 
spikes are integrated or averaged to zero during the 
integration periods. Integrating ADCs are immune to the 
large conversion errors that plague successive approxi- 
mation converters in high noise environments. 


Vin = 1/2 VeyLLScALe 


Vint 


TSC500 


TSC500 


COMP OUT 


MICRO COMPUTER 


TIMER 


Integrating converters provide noise rejection auto- 
matically with at least a 20 dB/decade attenuation rate. 
Interference signals with frequencies at integral multiples of 
the integration period are theoretically completely removed. 
This intuitively makes sense, since the average value of a 
sine wave of frequency 1/T averaged over a period T is 
zero. 


Integrating converters often establish the integration 
period to reject 50/60 Hz line frequency interference 
signals. The ability to reject such signals is shown by a 
normal mode rejection plot (Figure 3). Normal mode 
rejection is practically set to 50-65 dB, since the line 
frequency can deviate by a few tenths of a percent (Figure 
4). | 


CRITERIA FOR Caz & Crer 


N 
Os Gace 2) Tint (Vint + Vaer) lLeakace 
az © Crer © 


Vint Vrer 


where: N = resolution (bits) 
lLeakace ~ 15pA 
Vint (See Fig. 2) 


This equation is for reference only. Use 0.1 wFd for all 
applications that have 2 or more conversions per second. 


TSC500 


SI 

a | TT 
ms! 
Sa 


NORMAL : BEY 
MODE = 20 LOG SIN (60 rT (1: ) 


REJECTION 


70 


60 
50 


40 


60 1T (14 “Dev, 


DEV = DEVIATION FROM 60 Hz 
T = INTEGRATION PERIOD 


NORMAL MODE REJECTION (dB) 


30 


0.4 0.60.8 1.0 


.04 .06 .08 0.1 
LINE FREQUENCY DEVIATION FROM 60 Hz (%) 


02 0.2 


Figure 3: Normal Mode Rejection vs. input Frequency 


Component Value Selection 
Integrating Resistor (Rint) 
The desired full-scale input voltage and output current 


capability of the input buffer.and integrator amplifier set the | 
integration resistor value. The internal class A output stage 
amplifiers will supply a 20 HA drive current with minimal 


linearity error. Rint is easily calculated fora 20}1A full- scale 


current: 
Rane (MOQ) = __ Full-Scale Input Voltage (V) _ 


, +20% — 
20 y 3 


For loop stability during the integrator ec zero 
phase, Rint Should be = 50 KO 


Reference Capacitor (Crer) 


A0.1 yF capacitor is suggested. Larger values may be 
used to limit roll-over errors. Low leakage capacitor such as 
polypropylene are required. 


Auto Zero Capacitor (Caz) 
A 0.1 uF polypropylene capacitor is suggested 


Integrating Capacitor (Cix7) | 

‘The integrating capacitor should be selected to 
maximize integrator output swing. The integrator output will 
swing to within 0.8 V of Vs or Vs without saturating. 


.NORMAL MODE REJECTION (dB) 


INTEGRATING CONVERTER 
ANALOG PROCESSOR 


NORMAL 
MODE = 
REJECTION 


Wel 
SIN, 
oe 
20 LOG 


CaN 
Ue 
a po N 


wT 


= 2S. 7 = INTEGRATION 
Qn PERIOD 


8 - 
FREQUENCY (Hz) 


Figure 4: Integrating Converter Normal Mode Rejection 


vs. 60 Hz Line Frequency Variations. 


‘Using the suggested 20 wA full-scale buffer output 


~ current, the integrating capacitor is easily calculated: 


(Tint) (Ves) 


Cint 6 
integrator Output Voltage Swing (Rint) 


Where Tir = Integration Period 


Ves = Full-Scale Input Voltage 


A very important integrating capacitor characteristic is . 


dielectric absorption. Polypropylene capacitors give undetec- 


. table errors at reasonable cost. Polystyrene and poly- 
carbonate capacitors may also be used in less critical 


applications. 


See TSC500A for package information and bonding 
diagram. 
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“# TELEDYNE 
SEMICONDUCTOR 


TSC500A 


INTEGRATING CONVERTER ANALOG PROCESSOR 


FEATURES 


Resolution ............. up to 16 bits +sign 
Differential Analog Input 

Differential Reference 

Low Linearity Error ................. 0.003% 
Fast Zero-Crossing Comparator .......... 4 us 
Low Power Dissipation ............... 10 mW 
Auto-Zero Cycle Eliminates Zero-Scale Error & 
Drift 

Zero Integrator Phase Speeds Recovery From 
Over-range Input Signals 

Automatic Internal Polarity Detection 

Low Input Current ................ 15 pA Max 
M@ Wide Analog Input Voltage ............ #42V 
M@ Microprocessor Control of Dual Slope ADC 
Conversion 


CONTROL LOGIC B CONVERTER STATE 

0 ZERO INTEGRATOR OUTPUT 
1 AUTO-ZERO 

0 SIGNAL INTEGRATE 

1 


DEINTEGRATE 


+ = — 
CREF O OV er Vrer O O CREF 
7_I|9 8 |6 


% SWR SWp ae 


COMPARATOR 
LEVEL count 
SHIFT 7 
ANALOG 
COMMON 
2 POLARITY 
DETECTION 
C 
ANALOG 
PHASE 
SWITCH DECODING 


CONTROL 
SIGNALS 


CONTROL LOGIC 


TSC500A 


IMPROVED PERFORMANCE 


The TSC500A is an improved version of the popular 
TSC500. The improvements allow up to 16 bits of resolution 
(plus sign) or faster conversion times for lower resolution 
applications. 


GENERAL DESCRIPTION 


The CMOS TSCS5O0A contains all the analog isu 
needed to construct an integrating analog-to-digital 
converter. The analog input buffer, integrator, analog 


switches, comparator and phase control logic are all on- 


chip. 

The dual slope converter uses time to aunties the 
analog input signal. A microprocessor and software routine 
perform the digital function of ‘counting clocks” for the dual 
slope integrating converter process. The user can control 
resolution and conversion speed through software. The 


TSC500A analog building block can be used to contruct an. 


8-bit or high resolution 16-bit converter by modifying 
software routines. | 

Amicroprocessor controls the TSC500A through the A 
and B logic input signals. Four TSC500A phases are 
possible: auto-zero, signal integrate, reference integrate 
(deintegrate), and integrator zero output. 

The TSC500A comparator output provides polarity 
and integrator zero crossing information. The comparator 
output is always low when the integrator crosses zero 
during the deintegrate phase. This signals the end of a 
conversion to the processor. 

A precision dual slope integrating converter with 
automatic zero scale offset voltage and drift correction 
requires only areference, three capacitors, aresistor anda 
controller. The TSC500A contains the analog circuits 
needed to construct a dual slope integrating converter with 
an auto-zero phase. A zero-integrator ouput phase can be 
selected to eliminate errors caused by out-of-range input 
signals. The zero integrator phase greatly improves 
recovery after an over-range conversion. 

The CMOS TSCS5O0A operates from +5 V supplies. 
Power dissipation in only 10 mW. Leakage currents at the 
differential inputs are alow 10 pA. The TSC500A differential 
references inputs allows easy ratiometric measurements. 


Although the TSC500A is pin-for-pin compatible with 
the TSC500, some programming constraints are imposed. 


See “Integrator Output Zero” 


PRODUCT INFORMATION 


ORDERING INFORMATION 


Temperature System 
Part No. Package Range Resolution 
16-Pin 16 bit: 
TSCSO0ACPE Plastic Dip 0° C to 70° C (30 ppm) 
16-P 16 bit 
TSC5O0AWE CerDIP -25° C to +85° C (30 ppm) 
TSC500COE 16-PIN S.O. O°C to 70°C ~——:* 16 bit 
| (30 ppm) 


Pin Configuration 


“ANALOG F 
COMMON 


CPE/IJE 


TSC500A 


ANALOG 
COMMON 
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Absolute Maximum Ratings 


Supply (Vs to Vs) 


eoeeeese © © © © © © @ © we ew we 


Positive Supply Voltage (Vs to Gnd) 
Negative Supply Voltage (Vs to Gnd) 


Analog Input Voltage (Vin or Vin) 
Logic Input Voltage 


ANALOG 


Wie a ee Vs + 0.3 V to Gnd - 0.3 V 


Package Power Dissipation 


TSC500A 


Lead Soldering Temperature (60 seconds) 


pile atari 18 V Ambient Operating Temperature Range 
Pe 12V CerDIP Package (Il) ........... 
eee -12V Plastic Package (C)............ 
init Vs to Vs Storage Temperature ............. 


-25° C to +85° C 

0° C to +70° C 
-55° C to 150° C 
. +300°C 


Electrical Specifications: T, = 25° C, Vs = +5 V unless otherwise specified. Caz = Crer = 0.1 uf. 


SYMBOL 


ZSE 
ENL 
NL 


DNL 


TCzs 


SYE 


FStc 


lin 


CMRR 


CMVR 


PARAMETER 
Resolution 


Zero-Scale Error 


End Point Linearity 


Best Case Straight 
Line Linearity 


Differential 
Non-Linearity 


Zero-Scale 
Temperature 
Coefficient 


Full-Scale 
Symmetry Error 
(Rollover Error) 


Ratiometric 
Reading 


Full-Scale 
Temperature 
Coefficient 


Input Current 


Common-Mode 
Rejection Ratio 


Common-Mode 
Voltage Range 


Integrator 
Output 
Swing 


Analog Input 
Signal Range 


Noise 


TEST 
CONDITIONS 


Note 1 
Note 1 
Note 1 
Note 1,2 


MIN 


Over Operating 
Temperature Range 


16 bit 
Resolution 


Vin = VrReF = 1.0 V 


Over Operating 
Temperature Range 
External 

Reference 

Tc = 0 ppm/° C 


Vin=OV 
-1V<sVem<1V 


Vs=t5V Veth5 
Vs=t5V 

Vst+08 
Vin=OV 
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m+ 
1 
— 
on 


30 


MAX 


ie) 
~) 


0.003 
0.01 
0.003 


0.0025 


0 


0.006 


0.035 


—_— 


0 


UNIT 


ppm 
% 
% 
% 


% 


LN/IPC 


% 


% 


ppm/° C 


ome 
wo) > 


V 


< 
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PRODUCT INFORMATION 


TSC500A 


DIGITAL | | 
Electrical Specifications: T, = 25°C, Vs = £5 V unless otherwise specified. Caz = Crer = 0.1 pf. 
a TEST | TSC500A 
_ SYMBOL PARAMETER : CONDITIONS | MIN TYP MAX _ UNIT | 
Reference Input Vs t+ 1.0 | V 
Signal Range 
Vou Comparator | lsource = 800 vA 4.0 V 
Logic 1 
Output 
Voi Comparator Isink = 4.0 mA a vo 
Logic 0 
Output 
Vin Logic 1 ? 3.5 V 
Input Voltage 
Viv Logic 0 7 V 
Input Voltage 
ie Logic Input Current Logic 1 or 0 aa LA 
tp Comparator Delay | | 4 US 
POWER | 
Electrical Specifications: T, = 25° C, Vs = £5 V unless otherwise specified. Caz-= Crer = 0.1 pf. 
TEST | TSC500A | 
SYMBOL PARAMETER - CONDITIONS MIN TYP MAX UNIT 


| is Supply Current | Vs =+5 V,A=1,B=1 ee oe 15 | mA 


Pp _—_—- Power Dissipation Vs=+5V | Ry enn 15 | mw 


Vs Positive Supply | 4 10 | V 
Operating 
Voltage Range 

Vs Negative Supply | -3 ee: V 
Operating ; 


Voltage Range 


Vs-Vs Supply Operating 7 15 | V 
Voltage Range : | 


Notes: 

1. Integrate time = 200 mSec, Auto-Zero time = 100 
msSec, Vint (PEAK) ~ 4V 

2. End Point Linearity at 1/4, +1/2, +3/4 FS after Full- 
Scale Adjustment. 
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TSC500A Operation Theory 


The TSC500A incorporates a system zero and 
integrator output voltage zero phase to the normal two 
phase dual slope measurement cycle. Reduced system 
errors, fewer calibration steps and a shorter over-range 
recovery time result. 


The TSC500A measurement cycle can use all four 
phases if desired. 


@ System Zero 

@ Analog Input Signal Integration 

M Reference Voltage Integration (Deintegrate Phase) 
M Integrator Output Zero 


Internal analog gate status is shown in Table 1 foreach 
phase. 


Table 1: Internal Analog Gate Status 


Conversion 


Phase Internal Analog Gate Status 


SW, SWa SWa SWz SWa_ SW; 
Closed Closed Closed 


SWiz 


Auto-Zero 
(A=0, B=1) 
Input Signal 
Integration 
(A=1, B=0) 
Reference 
Voltage 
Deintegration 
(A=1, B=1) 
Integrator 


Output 
Zero (A=0, B=0) 


Closed 


Closed” Closed 


Closed Closed Closed 


Note: “Assumes a positive polarity input signal. SWri would be 
closed for a negative input signal. 


System Zero Phase (Auto Zero) 


During this phase, errors due to buffer, integrator and 
comparator offset voltages are compensated for by 
charging Caz (auto-zero capacitor) with a compensating 
error voltage. 


The external input signal is disconnected from the 
internal circuitry by opening the two SW, switches. The 
internal input points connect. to analog common. The 
reference capacitor charges to the reference voltage 
potential through SWr. A feedback loop, closed around the 
integrator and comparator, charges the Caz capacitor witha 
voltage to compensate for buffer amplifier, integrator and 
comparator offset voltages. 


TSC500A 


Analog Input Signal Integration Phase 


The TSC500A integrates the differential voltage 
between the + Input and - Input. The differential voltage 
must be within the device common-mode range. 


The input signal polarity is normally checked via 
software at the end of this phase. 


Reference Voltage Deintegration 


The previously charged reference capacitor is 
connected with the proper polarity to ramp the integrator 
output back to zero. 


Integrator Output Zero 


This phase guarantees the integrator output is at zero 
volts when the system zero phase is entered and that the 
true system offset voltages are compensated. This phase 
should be employed at the end of the Reference Voltage 
Deintegration phase. The Integrator Output Zero phase 
should be programmed to operate only until the output of 
the comparator returns “high” (1). Excess time may 
introduce charge injection errors. 


TSC500A Analog Section 
Differential Inputs (Vin [Pin 11], Vin [Pin 10)) 


The TSC500A operates with differential voltages within 
the input amplifier common-mode range. The input amplifier 
common-mode range extends from 0.8 V below the 
positive supply to 0.8 V above the negative supply. Within 
this common-mode voltage range a common-mode re- 
jection ratio is typically 80dB. full accuracy is maintained, 
however, when the inputs are no more than 1.5 V from 
either supply. 


The integrator output also follows the common-mode 
voltage. The integrator output must not be allowed to 
saturate. A worst case condition exists, for example, when a 
large positive common-mode voltage with a near full-scale 
negative differential input voltage is applied. The negative 
input signal drives the integrator positive when most of its 
swing has been used up by the positive common-mode 
voltage. For these critical applications the integrator swing 
can be reduced. The integrator output can swing within 0.9 
volts of either supply without loss of linearity. 


Analog Common (Pin 5) 


Analog common is used as the Vin return during 
system-zero and reference deintegrate. If Vin is 
different from analog common, a common-mode voltage 
exists in the system. This signal is rejected by the excellent 
CMRR of the converter. In most applications Vin will be set 
at a fixed known voltage (power supply common, for 
instance). A common-mode voltage will exist when Vin is 
not connected to analog common. 
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Differential Reference (Vref [Pin 9], Vrer 
[Pin 8]). | 


The reference voltage can be generated anywhere 
within one volt of the power supply voltage of the converter. 
Roll-over error is caused by the reference capacitor losing 
or gaining charge due to stray capacitance on its nodes. 
_ The difference in reference for (+) or (-) input voltages will 
cause a roll-over error. This error can be minimized by 
using alarge reference capacitor in comparison to the stray 
capacitance. 

Phase Control Inputs (A [Pin 12], B [Pin 13]) 

The A,B unlatched logic inputs select the TSC500A 


operating phase. The A,B inputs are normally driven by a 
microprocessor I/O port or peripheral input/output chip. 


Comparator Output 


By monitoring the comparator output during the fixed 
signal integrate time the input signal polarity can be 
determined by the microprocessor controlling the con- 
version. The comparator output is high for positive signals 
and low for negative signals during the signal integrate 
phase (Figure 1). 


During the variable reference deintegrate phase the 
comparator output will make a high to low transition as the 
integrator output ramp crosses zero. This indicates the 
conversion is complete. The transition is used to signai the 

processor that the conversion is complete. 

The internal comparator delay is 4 usec typically. 


Figure 1 shows the comparator output for large 
positive and negative signal inputs. For signal inputs at or 
near zero volts, however, the integrator swing is nonexistent. 
If common-mode noise is present, the comparator can 
switch several times during the signal integrate period. To 
ensure that the polarity reading is correct, the comparator 
output should be read and stored at the end of Signal 
Integrate. , | ox | 

A “low” (0) on the TSC500A comparator, during the 
deintegrate phase, signals the processor that the conversion 
is complete. (See “Interrupt Operator’) 


PRODUCT INFORMATION 


SIGNAL INTEGRATE , REFERENCE DEINTEGRATE 
| | 


INTEGRATOR 
OU 
ZERO CROSSING 


COMPARATOR 
OUTPUT 


A. Positive Input Signal 


SIGNAL INTEGRATE ; REFERENCE DEINTEGRATE 


INTEGRATOR 
OUTPUT 


ZERO CROSSING 


| 
| 
| 
| 
| 
Ps 
| 
| 
| 
| 
| 
| 


COMPARATOR | | 
OUTPUT 


B. Negative Input Signal 
Figure 1: Comparator Output 


General Theory of Operation 
Dual Slope Conversion Principies 


The TSC500A is an integrating analog-to-digital 
converter building block. An understanding of the dual 
slope conversion technique will aid in following the detailed 
TSC500A operation theory. 


The conventional dual slope converter measurement 
cycle has two distinct phases: | 


i Input Signal Integration . 
M@ Reference Voltage Integration (Deintegration) 


The input signal being converted is integrated for a 
fixed time period. Time is measured by counting clock 
pulses. An opposite polarity constant reference voltage is 
then integrated until the integrator output voltage returns to 
zero. The TSC500A automatically switches in the proper 
polarity reference signal. The reference integration time is 


- directly proportional to the input signal. (Figure 2) 


In asimple dual slope converter, a complete conversion 
requires the integrator output to “ramp-up” and “ramp- 
down.” The TSC500A comparator zero-crossing signals 
the processor to indicate the deintegrate cycle is complete. 
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TSC500A 


ANALOG 
INPUT 


POLARITY CONTROL 


PHASE CONTROL 


co 
LO 


i (min) 
Vsuppry 


a Vint 


INTEGRATOR OUTFUT 


\<— Tint —> |e Teint >| 


Figure 2: Basic Dual Slope Converter with TSC500A 


A simple mathematical equation relates the input 
signal, reference voltage and integration time: - 


{ | 
O 


Tint 
Vin (t) dt = 


VREF TbeINnT 


Rint Cint 


Where: 

Vrer = Reference Voltage 

Tint = Signal Integration Time (Fixed) 

Tpeint = Reference Voltage Integration Time 
(Variable) 

For a constant Vin: 

Vin = Veer [Dent 


INT 


The dual slope converter accuracy is unrelated to the 
integrating resistor and capacitor values as long as they are 
stable during a measurement cycle. 


An inherent benefit is noise immunity. Input noise 
spikes are integrated or averaged to zero during the 
integration periods. Integrating ADCs are immune to the 
large conversion errors that plague successive approxi- 
mation converters in high noise environments. 


ep ~ 
Vin * VEULLSCALE 


Vin * 1/2 VeULLSCALE 


NTROL 
GIC 
A a COMP OUT 


1/0 


MICRO COMPUTER 


TIMER 
COUNTER 


Integrating converters provide noise rejection auto- 
matically with at least a 20 dB/decade attenuation rate. 
Interference signals with frequencies at integral multiples of 
the integration period are theoretically completely removed. 
This intuitively makes sense, since the average value of a 
sine wave of frequency 1/T averaged over a period T is 
zero. 


Integrating converters often establish the integration 
period to reject 50/60 Hz line frequency interference 
signals. The ability to reject such signals is shown by a 
normal mode rejection plot (Figure 3). Normal mode 
rejection is practically set to 50-65 dB, since the line 
frequency can deviate by a few tenths of a percent (Figure 
4). 


CRITERIA FOR Caz & Crer 


N 
Cis * Cree = 2 Tint (Vint + Veer) lLeakace 
az © Crer © 
Vint Vrer 


where: N = resolution (bits) 
lLeakace ~ 15pA 
Vint (see Fig. 2) 


This equation Is for reference only. Use 0.1 wFd for all 
applications that have 2 or more conversions per second. 
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Figure 3: Normal Mode Rejection vs. Input Frequency 


Component Value Selection 
Integrating Resistor (Rint) 

The desired full-scale input voltage and output current 
capability of the inout buffer and integrator amplifier set the 
integration resistor value. The internal class A output stage 
amplifiers will supply a 10 wA drive current with minimal 
linearity error. Rint is easily calculated for a 10uA full-scale 
current: ; 


Rint (MQ) = 


Full-Scale Input Voltage (V)_ 590, 


10 


For loop stability during the integrator output zero 
phase, Rint should be = 50 KQ 


Reference Capacitor (Crer) 


A0.1 uF capacitor is suggested. Larger values may be 
used to limit roll-over errors. Low leakage capacitor such as 
poly-propylene are required. © 


Auto Zero Capacitor (Cz) 
A 0.1 uF polypropylene capacitor is suggested 


Integrating Capacitor (Cins) 

The integrating capacitor should be selected to 
maximize integrator output swing. The integrator output will 
swing to within 0.8 V of Vs or Vs_ without saturating. 


PRODUCT INFORMATION 


NORMAL 


| 


REJECTION 


WU 
IN vai 


—20 


"T= INTEGRATION 
PERIOD 


NORMAL MODE REJECTION (dB) 
i 
=) 


2 3 4 6 8 10 20 30 40 7 60 
FREQUENCY (Hz) 


80 100 


Figure 4: Integrating Converter Normal Mode Rejection 


vs. 60 Hz Line Frequency Variations. 


Using the suggested 10 WA full-scale buffer output 
current, the integrating capacitor is easily calculated: 
one (Tint) (Ves) 


Integrator Output Voltage Swing (Rinz) 


Where Tint = Integration Period 
Vers = Full-Scale Input Voltage 


A very important integrating capacitor characteristic is 
dielectric absorption. Polypropylene capacitors give undetec- 
table errors at reasonable cost. Polystyrene and poly- 
carbonate capacitors may also be used in less critical 
applications. 
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INTEGRATING CONVERTER ANALOG PROCESSOR 


TSC500A 


TSC500A Design Example (see “Component Selection Example’’) 


10,000 CLK PERIOD (40mSec} 
10,000 CLK PERIOD (40mSec) 
Vin (VOLTS) 10,000 CLK PERIOD (14 BITS) 


E\ Neg suet ate eee ate he arse ret Sao td TYPICAL WAVEFORMS 
‘HV 


SEQUENCER | 


CONTROL 
LOGIC 


1C REF 


CREF 


| V REF 


Ve 


av 


f =6TSC7660 § 


GND 


100 k°2 


“4 BUF 


TSC500A “azE 


PORT 0378 HEX 


Cint 


COMMON | 
GND a 


V 


| IBM PC/XT | 


PRODUCT INFORMATION 


TSC500A_ 


Noise 
S 
S 
30 uV 
Now <-———— Now - ha 
LOW Vrer Normal Veer 
SLOPE(S) = <“BEE— —_ Nrw = Noise Threshold 
Rint Cint 


1) The threshold noise (Nu) is the algebraic sum of the 
integrator noise and the comparator noise. This value is 
typically about 30uVolts. The graph shows how the value of 
the reference voltage can influence the results of the final 
count. 


Overshoot 


INTEGRATOR 
OUTPUT 
(PIN 1) 


ZERO-CROSSING 


COUNT ERROR/2' 


nm 


OVERSHOOT 


BA 


COMPARATOR 
OUTPUT (PIN 14) 


i 
oO 


INTEGRATION TIME (mSec} | INTEGRATOR 
= v pace’ a Dee DEINTEGRATED PHASE meee L.INTEC PHASE 


2) Errors caused by the low frequency buffer noise may be 

reduced by increased integration times. The graph shows The maximum performance of the TSC500A requires that 

an approximate relationship. the overshoot at the end of the Deintegration phase be 

; ; ; minimized. Also, the Integrator Zero phase must be 

Signal to Noise Ratio: terminated as soon as the comparator output returns to 
“high” (1). | 


S/N (dB) = 20 Log ( Ye . Tint 
30 uV Rint Cint 
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INTEGRATING CONVERTER ANALOG PROCESSOR 


TSC500A 


TSC 500A Applications 


Caz Cint Cher Cer 
IN 
" 49™@ TSC500A 


TSC401 


qe 


S 
— 
ra 
® 
a 
® iv 
c= 
Z 
n 
2 
5 
Q 
£& 
= 
2 
wo 
c 
@ 
oe) 


PRINTER PORT IBM PC 


oO ON DD WD ine) 


* 
Connects Vrer to channel 8 


TSC500A Application List of Materials 


Resistors ty CER 9 C1, C5, C6, C7, CB, 
430 K 1 Rint | C9, C10, C11, C12 
1K 16 R9, R10, R11,R12,R13, .1POLY 2 Cree , Caz 


R14, R15, R16, R17, R18, 
R19, R20, R21, R22, R23, Integrated Circuits 


nes TSC5O0A 1 ANALOG PROCESSOR 
au L___fe — Tsc76s0___1_CDC-DC CONVERTER _ 
18 K ! R25 TSC401 { DUAL 8 CHAN ANALOG 
10 K 5 R1, R3, R4, R5, R7 MUX 
2K 1 R6 _ TSC04 { REFERENCE DIODE 
10 K POT { R8 (1.23V) 
Capacitors Miscellaneous 
10 ¢ TANT 3 C2, C3, C4 CONNECTOR 1 25 PIN “D” 
ow ar (SOLDER CUP, MALE) 


PC BOARD 1 TSC500A 
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PRODUCT ose 
TSC500A 


Interrupt Operation 


The comparator output stays low during the Integration 
phase (A=1, B=0) whenever the input polarity is negative. In 
those cases where the input polarity is negative AND very 
near zero, the zero-crossing occurs before the comparator 
has had a chance to go positive. Thus, no negative-edge 
willbe generated and the microprocessor will not be interrupted. 


ZERO CROSSING 
INTEGRATION WAVEFORM | 


INTEGRATION TIME : DEINTEGRATION TIME 


~ COMPARATOR OUTPUT | COMPARATOR DELAY 


SS IDEAL 


we ACTUAL 


With a negative input voltage which is very near zero, 
the output of the comparator doesn’t have enough time to 
get full positive. This anomaly is caused by the comparator 
delay and rise time limitations. 


One solution to overcome this condition is to have the 
microprocessor monitor the comparator output. It can then 
end the Deintegration phase as soon as it sees a zero. 


Another solution is to have the microprocessor enable 
the interrupt and look at the comparator output. If the output 
is high then the interrupt will be properly triggered. If the 

—output.is low then end the Deintegration phase and disable 
— the interrupt. 


Either solution will produce reliable low voltage conversions. 
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INTEGRATING CONVERTER ANALOG PROCESSOR 


TSC500A 


TSC500A Rate of Conversion 


The conversion time for the TSC500A is a function of 
many variables and constants. The dominate componentis 
Cint. The following is a graph based on the equation: 


Conversion Time (sec) = .4 x Cint (uF) x (2 + (Vin / Vaer}) 


The assumptions for this equation are suggested but 
not strictly required. They are: 


Auto Zero Time (Taz) = Integration Time (Tint) 
Peak integration voltage Vint = 4.0 Volts 
Maximum buffer current (Vin (max) / Rint) = 10 uzAmps 


Conversion Rate vs Input Voltage Ratio for different values of Cin 


VIN VL VENI LLY 
TATE CLIC 
ACN AACN AE NE 
HENTAI AN 
CHENIN INT 

CNN 


Ht NT (ERNE 
NITIN 


Vin/Vrer 


2 3 4 = 5 7 IN IN 3 4 «5 7 10 20 40 5 70 100 
Conversions/Sec 

TSC500A Component Selection Example 

Known: 1) Supply Voltage for TSC500A (Vsup) Step 1: Calculate Rint Rint = Vinay 
2) Maximum Input Voltage (Vinawax) IBUF (Max) 
3) Integration Time (Tint) 
4) Output Resolution (Bits) (N) where pur imax) © 10uA 
5) Clock Period (tcLock) 

Assume:  Vsup = +5V Vsup = |Vsup| Rint = oa ge 250 K 
Vinimax) = £2.5V Vinimaxy = |Vinumaxy| 10 WA 
Tint = 40 mSec 
N = 14 bits 


tctock = 4 uSec 
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TSC500A 


Step 2: Calculate Cint = Cint = Tint leveinar 
Vint 
where Vint = Vsup-1V = 4V 
40 mSec 10 vA 
Cint = AV = 0.1 uF Cs 
BUF __ 
Vint Cint Rint ee 
Step 3: Calculate Veer Vrer = a a 
| DEINT 
where Tpeint = 2” tcrock 
- AC 
Vaer = Bre = 1.525 ....V- 
2 tcLock C rer 
—»> 
Step 4: Calculate Integrate Count Kint = ona Cher 
| ‘tcLtock 
Kins = —“OmSec __ _ 19.000 Counts 
4 uSec 
; Kint 10,000 
Results: Koeint = Vin Vice =Vin 1,525. 


where Kpeint = Number of Clock Periods during Tpeint 


Normalization: — 


The Reference Voltage can be adjusted to scale the Deintegrate 


Count to be directly equivelent to the Input Voltage. 


Since: Kin 

at Counts/Volt 

Vrer 
If: Vrer is Adjusted Such that 
Kint : 10000 Counts = 
Veet 49000 counts/volt ~ 10000 Counts/Volt 

Then: Koeint = (07nd and N& 14.61 bits 
e.g. If Koeir = 18357 Counts 


Then Vin = 1.8357 Volts 


= 1.00V 
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PRODUCT INFORMATION 


Bonding Diagram 


ae 


Vince “Vinee (Nin: Wine 


“#9 TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


15-BIT PLUS SIGN 
INTEGRATING ANALOG 


FUNCTIONAL DIAGRAM 


TSC800 


mg 15 Bit Resolution Plus Sign Bit 

— 96 dB Dynamic Range 

Integrating Dual Slope Converter 

— Monotonic 

— Eliminate 50/60 Hz “Line” Interference 

— High Noise Immunity 

— Auto Zero Cycle Eliminates Trimming 

— Incorporates Integrator Zero Cycle for Fast 
Overload Recovery 

Three State Data Bit/Sign Outputs 

— 8 or 16 Bit Parallel Data Transfer to u-Processor Bus 

UART Control Signals 

— Serial Data Transmission 

— “Handshake” Data Transfer 

— Distributed Control Systems 

— Fiber Optic Transmission Systems 

Easy Conversion Cycle Monitoring and Control 

— Data Valid Output Signal 

— Continuous or Convert on Command Operation 

High Impedance Differential Input 

— 15 pA Maximum Input Current 

Low Input Noise 15 uVp_p 

On Chip Crystal Oscillator for 2.5 Conversions/Sec. 

— fytay = 2.4576 MHz 

— 100 msec Integration Period Rejects 50, 60, 400 
Hz Interference Signals 

Convenient +5 V Supply Operation 

— Low Power Dissipation ............. 

Static Discharge Protected Inputs 

Available in 60-Pin Fiat Package 


eeereeee ee ee we oe ww ew ww 


HIGH DATA. LOW DATA 
BYTE BYTE 

0900 909090 00/90 9 909000 090 9 
213 44 5 {6 {7 18 {9 |10 {11412 113 [14 |15 416 


ea een! 


S 


INPUT 
LOW 


ne 


a 
% 


SWITCH LOGIC 
(SZ, SI, RI, 12) a 
CONVERSION 
POLARITY CONTROL fie 15-BIT COUNTER 
LOGIC 
ZERO 
CROSSING 


‘3 ie 
CR VReF CR Veur Csz Vint 
9 Q 9 0 0 e 
35 |29 ; 34 33{ | 32 31 
INTEGRATOR 
eee. | ae Res 
©) sz > 


TSC800 


MSB J16 14 [13 [12111 Jtolo |e {7 |e Js ja [3 {2 41 +88 


POLARITY, DATA OUTPUTS 
16 DATA LATCHES 
(POLARITY & DATA) 


LBEN/LBFLG 


18 
DATA 
TRANSFER HBEN/HBFLG 
CONTROL 19 
O 
BUS/HAND 
21 
O 
CLOCK 

275 DROST 
20 
O 


CE/LDSTRB 


$26 [40 J 22 P23} eat 25 338 ic 39 
PIN NUMBERS FOR 40-PIN DIP CONV/STOP DVD OSC OSC OSC BUF vg Vg DIG 
2 1 CONOSC GND 


8-25 


TSC800 


15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL CONVERTER | 


GENERAL DESCRIPTION | 
The TSC800 is a 15-bit plus sign integrating 


analog to digital converter. The TSC800 improves the: 


conventional two cycle dual slope conversion cycle by 
incorporating system zero and integrator output zero 
phases. Offset error sources are automatically zeroed 
and overrange recovery time is reduced. The integrating 
conversion technique is immune to the noise spikes 
that introduce conversion errors in Successive approxi- 
mation converters. 

The externally adjustable clock allows integra- 
tion periods which are integral multiples of 50 Hz or 60 
Hz for maximum power-line noise rejection. By using 
the 2.4576 MHz crystal oscillator mode (2.5 CONW/SEC) 
50, 60 and 400 Hz signals are rejected. 

Microprocessor interface signals support single 
byte (16-bit) or two byte (8-bit) parallel data transfers. A 
“handshake” operating mode supports serial data 
transmission via a UART. A serial Count output is 
derivable by gating the clock signal with data valid 
(DVD). The count output pulses may be used in serial 
fiber optic transmission systems. 


Pin Configuration 


SGN | 40 |DVD 
PB 15 GND 
won| "4 Vs 
3) ome En 
DB12 Vin 
Peni e | ck 
BEG CR 
DBg| 8 | VBUF 
me Oe TSc800 Caz 
BP7 30 31] Mint 
bag DBg com 
Ww 
pee | Sees VREF 
oo, Daa v3 
DB3 | 14 | DROST 
DBo| 15 | CONV/STOP 


' TBEN/CBFLG| 18 | 
HBEN/HBFLG | 19 | 
CE/CDSTRB | 20 | 


The high impedance differential inputs, 5 pA: 
input leakage current, 16-bit dynamic range and inter- 
face control signals make the high resolution TSC800 
the ideal analog to digital converter for process control, 
data logging and.“intelligent” measurement systems. 


Ordering Information 


Part No. Package Temp. Range 
TSC800CPL 40-pin Plastic DIP COM 
TSC800IJL 40-pin CerDIP IND 
TSC800MJL  40-pin CerDIP MIL 
TSC800CLW = 44-pin Plastic COM 
Leaded Chip Carrier 
TSC800CBQ __ 60-pin Plastic Flat COM 
Package: Formed 
Leads 
22 S88 PRs ak kbs e 
as) fo] hl fea Fe] ol 9] 34 5) 


1,.NC =NO INTERNAL CONNECTION . 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED 
TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE PINS 
IS APPROXIMATELY V*. NO EXTERNAL CONNECTIONS 


SHOULD BE MADE. 
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PRODUCT INFORMATION 


TSC800 


Absolute Maximum Ratings* 


Positive Supply Voltage (Vg to Gnd) ............. +6.2V Plastic Package ...........++++5. 0.5 Watt @ +70°C 

Negative Supply Voltage (Vs to Gnd) ............. -9.0V Ambient Operating Temperature Range 

Analog Input Voltage (V‘IN or VIN) .........-... Vs to Vs CerDIP Package (MJL) .......... -~55°C to +125° C 

Voltage Reference Input (VREF) ................ Vé to Vs (UDI). ogi the autens -25° C to +85°C 

Logic Input Voltage .......... Vs + 0.3 Vto Gnd - 0.3 V Plastic Package (CPL, CBQ, CSQ) ... O°C to +70°C 

Package Power Dissipation Storage Temperature .............-.000- -55°C to 150°C 
CerDIP Package ..............005. 1 Watt @ +85°C Lead Soldering Temperature (60 Seconds) ...... +300° C 


Electrical Characteristics: vs = +5 v, Conversion Rate = 2.5 CONV/SEC, Crystal Frequency = 2.4576 MHz, 
Ta = 25°C, Full-Scale Voltage = 3.2768 V, Note 1. 


TEST TSC800 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
1 V2SE Zero-Scale Error Vin=O0V — — +05 LSB 
Best Straight Line 
2 NL Non-Linearity ~ Full-Scale a 1.3 2 LSB 
< Vin <+ Full-Scale 
End Point 
3 NL Nonlinearity - Full-Scale — 2.8 — LSB 
A < Vin < + Full-Scale 
A 64 ONL Differential Nonlinearity —- — +05 LSB 
: Vin = 0 V, Ta = 25°C se 5 15 pA 
G 5 TIN Input Current O°C< Tas 70°C — 25 125 pA 
-25°C <= Ta <= 85°C — 70 175 pA 
i -55°C < Ta < 125°C aS OS 315 nA 
P 6 Y, Common-Mode Over Operating VS vg V 
: ome Input Range Temp. Range +1.5V -1.0V 
Common-Mode Vin=O0V 
— — V/V 
f uae Rejection Ratio Vem =+1V ee pv 
3 V Full-Scale Gain External Ref. Temperature ar 15 5 ppm 
Pee Temp. Coefficient Coefficient = 0 ppm/°C °C 
0o°C <= Tas 70°C 
Zero-Scale Error Vin=O0V uv 
vZsie Temp. Coefficient 0°C< Tas 70°C me : °C 
Full-Scale Magnitude 
- se a LSB 
10 VSYE Sy mmeteyErter Vin = 3.27 V 2 S 
, Not exceeded 
oe = V 
11 En Input Noise 95% of time 15 uVpp 
42 toa Conversion = 25 = Conv 
Speed Sec 
———  ——— —————— ee 
i 13 VOH Output High Voltage lo = 100 pA 3.5 4.4 — V 
< 14 VoL Output Low Voltage lo = 1.6 mA (Note 4) — 018 04 V 
: 15 lop Output Leakage Current High Impedance State — 0.1 1 uA 
L 16 | Control Pin Pins 18, 19, 20 = 5 - A 
i Pullup Current Pin 21=0V, Vo=2V , 
17 VIH Input High Voltage Pins 18-21, 26, 26 2.5V — — V 


15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 


TSC800 


Electrical Characteristics: vs = +5 v, Conversion Rate = 2.5 CONV/SEC, Crystal Frequency = 2.4576 MHz, 
Ta = 25°C, Full-Scale Voltage = 3.2768 V, Note 1. 


TEST TSC800 


TYPE NO. SYMBOL PARAMETER | _ CONDITIONS MIN TYP MAX UNIT 
18 Vi Input Low Voltage Pins 18-21, 26, 27 aa - 1 V 
19 lip Input Pin Pullup Current Pins 26,27 V=2V — 5 — pA 
20 lip Input Pin Pullup Current Pin 17,24V=2V — 25 — uA 
Input Pin Pin 21 
— — A 
S lib Pulldown Current V=3V ? i 
22 ~~ losci Oscillator Output Current Vo =2.5 V ~*~ =& 1.0 a mA 
| Buffered Oscillator 
= = 5 — mA 
D 23 IBUFOSC Output Current © yor 2ov 
| en ee en a ene SMe Eley 1S eT Tela P= ON a EES aT Re oR oe Bn re ee eee Pe er EN NS aT ee Sn 
G 24 CIN Input Capacitance Pin 18, 19 — — 50 pF 
| a ee ag a cee ee eye 
BUS/Hand Control Pin ; 
T 70 — — ns 
. = Tew Minimum Pulse Width ee 
L 
Byte Enable 
2 — ns 
26 TWBE Blea width Note 1 350 | 00 
Chip Enable : 
— ns 
27 TWCE Pulse Width Note 1 400 250 | 
Byte Enable | 
— 200 350 ns 
28 TABE Keases Tiné Note 1 
Chip Enable 
— 250 400 ns 
2 TACE Access Time more ; 
Data Hold From | 
— 140 300 ns 
oe TDHB Byte Enable Change note: 
Data Hold From 
— 240 400 ns 
2 TDHC Chip Enable Change mote | 
. 32 Ig - Positive Supply Current — 2.0 3.5 mA 
WwW i a a a a ee 
3 33, Is Negative Supply Current — 2.0 3.5 mA 
Notes: . | 4. For Pins 18, 19, 20 lo = 750 pA. 
1, Parallel Data Transfer (BUS/Hand = 0.). See Figure 1 , 5. Crystal source (2.4576 mHz) 
2. Operation at or above the absolute maximum stress ratings is not a. DIGI-KEY Corp . 
implied. Highway 32 South 
3. Static sensitive device. Unused devices must be stored in conductive P.O. Box 677 
material. Protect devices from static discharge and static fields. Thief River Falls, MN 56701-9988 


1-800-344-4539 
Part No. X047 
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PRODUCT INFORMATION 


TSC800 


Pin Description and Function 


PIN NO. PIN NO. 
40-Pin (60-Pin SYMBOL DESCRIPTION 


DIP) FP) 
1 9 SGN Sign Bit: 1 = Positive Input. The input signa! polarity is determined at the end of the 
signal integrate phase. 

2 10 DBi5 Data Bit 15 (MSB): Three State Output Data Bit 

3 11 DBi4 14 

4 12 DBi3 13 

5 13 DBi2 12 7 

6 18 DBi1 11 

f be DEI a = NOTE: DBis -DB, 

8 20 DBg | 9 are ata logic “1” state for 

9 D4 DBa 3. an Overrange conversion. 
10 22 DBy tt” 7 _ _ 
11 24 DBe 6 —— - 
12 25 DBs 5 
13 26 DB. 4 : —_ 
14 27 DB3 3 
15 28 DB2 2 
16 33 DB 1 (LSB) 
17 34 Test Test V; Data Outputs forced to Logic 1 and clock is disabled 

Test = V ; Counter latches enabled. 
A low data byte enable input or flag output depending on BUS/HAND (Pin 21) 
status 
18 35 LBEN/LBFLG 1. BUS/HAND = 0: With Pin 21 low and CE/LDSTRB = 0 (Pin 20) data bits 8 


(Input/Output) through 1 are output (pins 9 - 16) when the input pin LBEN = 0. 
2. BUS/HAND = 1: Valid data on pins 9 - 16 is indicated by the flag output 
LBFLG = 0. 
A high data byte enable input or flag output depending on BUS/HAND 
pin 21) status. 


18 36 HBEN/HBFLG 1. BUS/HAND = 0: With pin 21 low and CE/LDSTRB = 0 (pin 20) the high data byte 
(Input/Output) (Sign Bit plus Data Bits 15 - 9) are output when the input HBEN = 0 


-—-_-~ 


2. BUS/HAND = 1: Valid Data on pins 1 - 8 is indicated by the flag output 
HBLFG = 0. 
aa 1. BUS/HAND = 0: CE is master chip enable, With CE = 1 sign bit plus DBis - DB1 
20 37 CE/LDSTRB are disabled (Hi-lmpedance State). CE = 0 enables outputs and data is trans- 
(Input/Output) ferred under control of LBEN and HBEN input signals. 

CE LBEN HBEN FUNCTION 

0 0 1 Low Data Byte Output 

0 1 0 High Data Byte Output 

0 0 0 Low + High Data Byte Output 

0 1 1 High impedance State 


2. BUS/HAND = 1: LDSTRB is a load strobe output sign. In the handshake mode, 
LDSTRB = 0 output signal instructs the receiving device to accept data. 


Note: 
Pin connections in description section refer to 40-pin. package. 
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TSC800 


Pin Description and Function (Cont.) — 


PIN NO. PIN NO. 


15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 


DESCRIPTION 


40-Pin (60-Pin SYMBOL 
DIP) FP) dh | 
| 1. BUS = 0: Parallel output data mode where the CE, HBEN, and LBEN signals are 
- inputs that directly control the 16 data bits. 
21 39 BUS/HAND- 2. HAND = 1: LDSTRB, LBFLG, HBFLG are outputs used in the handshake data 
transfer mode. 
3. Hand= _J L_ (Pulsed High): Causes entry into handsake mode for UART 
interfacing. 7 
22 40 OSC2 Oscillator input 
23 41 OSC1 Oscillator output 
Selects internal oscillator structure 
24 42 OSC CON 1. OSC CON = 1: RC oscillator. Internal clock frequency is same frequency and duty 
- cycle as BUF OSC. 
2. OSC CON = 0: Crystal oscillator, Internal clock frequency is frequency at BUF 
OSC + 15. 
25 43 BUFOSC Buffered oscillator output 
26 48 CONVERT/ CONVERT = 1: Conversions performed continuously. 
STOP STOP = 0: Conversion process stops 7 counts before entering signal integrate phase. 
The conversion in progress when STOP = 0 is completed. 
97 49 DROST DATA OUTPUT request signal. An input used in the handshake mode that indicates an 
external device is ready to accept data. If DRQST is not used connect to Vs. 
28 50 Vs Negative power supply | 
29 51 VREF Voltage reference input 
30 52 COM Analog common. The TSC800 is auto-zeroed to the analog common potential. 
31 54 VINT Integrator output 
32 55 Csz SYSTEM-ZERO capacitor 
33 56 VBUF Output of input signal buffer | 
34 57 CR Reference capacitor 
35 59 CR Reference capacitor 
36 1 VIN Negative differential analog input 
37 3 VIN Positive differential analog input 
38 5 Vs Positive power supply 
39 6 GND Digital ground. Ground return point for Digital logic. 
DATA VALID SIGNAL: DVD = 1 during signal integrate and reference integrate 
40 7 DVD phases until data is latched. 
DVD = 0 when in auto zero-phase. Data does not change when DVD = 0. 
Note: 


Pin connections in description section refer to 40-pin package. 
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TSC800 


General Theory of Operation 
Dual Slope Conversion Principles 


The TSC800 is a dual slope, integrating analog to digital 
converter. An understanding of the dual slope conversion 
technique will aid in following the detailed TSC800 opera- 
tion theory. 


The conventional dual slope converter measurement cycle 
has two distinct phases: 


® Input Signal Integration 
© Reference Voltage Integration (Deintegration) 


The input signal being converted is integratec fora fixed time 
period. Time is measured by counting clock pulses. An op- 
posite polarity constant reference voltage is then integrated 
until the integrator output voltage returns to zero. The refer- 
ence integration time is directly proportional to the input 
signal. 


In a simple dual slope converter a complete conversion re- 
quires the integrator output to “ramp-up” and “ramp-down.” 


Basic Dual Slope Converter 


INTEGRATOR 
ANALOG 
INPUT O—-——O 
SIGNAL 


; COMPARATOR 


CONTROL 
LOGIC 


ee ee Sd 


Le 


| SWITCH DRIVER 


PHASE CONTROL 


POLARITY CONTROL 


COUNTER 


4 - PROCESSOR {een 


| Vin > VEULLSCALE 


ran 


“IN 


sale 
-|<—_—_—>-| 


Ven 1/2 VEYLLSCALE 


INTEGRATOR OUTPUT 


~<—- ——. 
FIXED 
SIGNAL VARIABLE 
INTEGRATE REFERENCE 
TIME INTEGRATE TIME 


The dual slope converter accuracy is unrelated to the inte- 
grating resistor and capacitor values as long as they are 
stable during a measurement cycle. An inherent benefit is 
noise immunity. Noise spikes are integrated or averaged to 
zero during the integration periods. Integrating ADCs are 
immune to the large conversion errors that plague succes- 
sive approximation converters in high noise environmenis. 
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A simple mathematical equation relates the input signal, 
reference voltage and integration time: 


TsI 
1 VR Tri 
AC foe dt — AC 
where: 
VR - Reference Voltage 


Ts1 ~ Signal Integration Time (Fixed) 


Tri = Reference Voltage Integration Time (Variable) 


For a constant VIN: 


TSC800 Analog Input Description 


System Zero Phase (Figure 3A) 


During this phase errors due to buffer, integrator and com- 
parator offset voltages are compensated for by charging Csz 
(system-zero capacitor) with a compensating error voltage. 
With a zero input voltage the integrator output will remain at 
zero. 


The external input signal is disconnected from the internal! 
circuitry by opening the two SW) switches. The internal 
input points connect to analog common. The reference 
capacitor charges to the reference voltage potential through 
SWr. A feedback loop, closed around the integrator and 
comparator, charges the Csz capacitor with a voltage to 
compensate for buffer amplifier, integrator and comparator 
offset voltages. 


ANALOG INPUT 
a BUFFER 


INTEGRATING INTEGRATING 
RESISTOR CAPACITOR 


SYSTEM 
ZERO 
CAPACITOR 
COMPARATOR 
TO DIGITAL 
SECTION 


SW 
REFERENCE 
INPUT 


INTEGRATOR 
ANALOG 


COMMON © 


@ SWITCH CLOSED 
C) SWITCH OPEN 


Figure 3A: TSC800 System Zero Phase 


-TSC800 


Analog Input Signal Integration Phase 
(Figure 3B) 

The TSC800 integrates the differential voltage between the 
+ input and - input. The differential voltage must be within the 
device common-mode range; 1 V from either supply rail typi- 
cally. The input signal is integrated for 16, 384 clock cycles. 


The input signal polarity is determined at the end of the phase. 


ANALOG INPUT 


SWei SWal BUFFER INTEGRATING INTEGRATING 
RESISTOR CAPACITOR 


@x6 zen 
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ot 7-0 


ae TO DIGITAL 
REFERENCE 
InPuT ° ©) oma 


i SECTION 


+INPUT O— 


INTEGRATOR 
ANALOG 


COMMON °Y 


swz(_) @ oe 


+ a 
SWRI Sie 
SW, 


: @ SWITCH CLOSED 


O SWITCH OPEN 


—INPUT O 


| Figure 3B: TSC800 Input Signal Integration Phase 


Reference Voltage Integration (Figure 3C) 


The previously charged reference capacitor is connected 
with the proper polarity to ramp the integrator output back to 
zero. The time for the output to return to zero is proportional to 
the input signal magnitude. The phase lasts for a maximum 
of 32, 768 clock periods. 


ANALOG INPUT 


sw 
SWe] * SWaf BUREER INTEGRATING INTEGRATING 


INPUT oC ) RESISTOR CAPACITOR 
@ ZERO 
CAPACITOR 
COMPARATOR 
SWp & C) TO DIGITAL 
REFERENCE x SECTION 
INPUT ? @ mmiZ 
20) @O OO» 
INTEGRATOR 
ANALOG 
COMMON 9 * SWp, would be closed for a 
* swe} SWei negative polarity analog input 
signal. 
SW : 
@ SWITCH CLOSED 
—INPUTO & 
€) SWITCH OPEN 


Figure 3C: TSC800 Reference Voltage Integration 
Cycle 
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Figure 3D: TSC800 Integrator Output Zero Phase 
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Integrator Output Zero (Figure 3D) 


This phase guarantees the integrator output is at zero volts 
when the system zero phase is entered and that the true sys- 
tem offset voltages. are compensated for. This phase nor- 
mally lasts 4096 clock cycles. . . 


ANALOG INPUT 
SWei | SWpf BUFFER inteEGRATING INTEGRATING 


INPUT o( ) RESISTOR CAPACITOR 
O@ aa 
CAPACITOR 
: . COMPARATOR 
Wr Ee) TO DIGITAL 
REFERENCE @ bi 
INPUT ° 4 


INTEGRATOR 


swz(_ ) i ne” 


ANALOG 
COMMON © , s 
SWpy SsWRi 
sv, set LE 
sw, 
© SWITCH CLOSED 


~—INPUT O C) 
OC) SWITCH OPEN 


Differential Inputs (Vin (Pin 37) and Vin (Pin 36)) 


The TSC800 operates with differential voltages within the 
input amplifier common-mode range. The input amplifier 
common-mode range extends from 1.0 V below the positive 
supply to 1.0 V above the negative supply. Within this com- 
mon-mode voltage range an 86 dB common-mode rejection 


ratio is typical. 


The integrator output also follows the common-mode vol- 
tage. The integrator output must not be allowed to saturate. 
A worst case condition exists, forexample, when a large posi- 
tive common-mode voltage with a near full scale negative 
differential input voltage is applied. The negative input signal 
drives the integrator positive when most of its swing has been 
used up by the positive common-mode voltage. For these cri- 
tical applications the integrator swing can be reduced. The 
integrator output can swing within 0.4 volts of either supply 
without loss of linearity. | 


Analog Common (Pin 30) 


Analog common is used as the Vin return during system-zero 
and reference-integrate. If Vin is different from analog com- 
mon, a common-mode voltage exists in the system. This sig- 
nal is rejected by the excellent CMRR of the converter. In 
most applications Vin will be set at a fixed known voltage 
(power supply common, for instance). In this application, 
analog common should be tied to the same point, thus re- 
moving the common-mode voltage from the converter. The 
reference voltage is referenced to analog common. 
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Digital Section Description 


Digital Control Signals 
BUS/Hand (Pin 21) 


The BUS/Hand input signal selects the parallel BUS data 
transfer mode or handshake transfer mode. An internal pull- 
down resistor guarantees parallel mode operation when the 
input pin is open. The handshake mode allows serial data 
transmission with a UART. In the parallel mode the TSC800 
outputs data under control of the HBEN, LBEN and CE sig- 
nals. In the handshake mode TSC800 output signals 
communicate with peripheral devices to control the data 
transmission. 


For BUS = 0 the HBEN (Pin 19), LBEN (Pin 18), and CE (Pin 
20) input signals control the TSC800 data transmission. 
Figure 1 shows typical timing relationships and operation. 
The HBEN, LBEN and CE signals are asynchronous to the 
internal conversion clock. Output data is immediately 
accessed. To avoid accessing data as updates are occuring 


the DATA VALID (DVD, Pin 40) signal can be used as anena- 
ble signal. Data will not change if DVD = 0. 


In the handshake mode two data transfer methods are 
possible. If HAND is pulsed high (HAND =-SL) fora minimum 
of 70 nsec the TSC800 enters the handshake mode. If HAND 
= 1 continuously the parallel mode is not re-entered, and a 
handshake data transfer will occur at the end of each con- 
version cycle. 


The BUS/Hand input signal configures dual purpose pins 
18, 19 and 20 as inputs or outputs. In conjunction with the 
DATA REQUEST (DRQST, Pin 27) input signal the hand- 
shake data transfer is controlled by the output signals: 
LBFLG, HBFLG, and LDSTRB. 


OPERATING MODE 


BUS Transfer Mode LBEN/LBFLG 


(Pin 18) 


LBEN: Low Data Byte 
Enable Input. A logic 

0 activates the low 

order data (DBs - DB1) 

if CE = 0. 

LBFLG: Low Data Byte 
Flag Output. Indicates 
output data is DBg - DB. 


BUS/HAND = 0 


Handshake Transfer 
Mode 
BUS/HAND = 1 or J7 LL 


TSC800 


Data Request Input (DRQST, Pin 27) 


This input is used only in the handshake data transfer mode. 
a DRQST = 1 input signal indicates an external receiving 
device is ready to accept data from the TSC8O00. It serves asa 
send data command. When BUS/HAND = 0, DRQST should 
be tied to V8. 


Convert/Stop Input (CONV/STOP, Pin 26) 


The CONV/STOP control input is pulled high through an 
internal pull-up resistor. If CONV/STOP = 1 or left open the 
TSC800 continuously performs conversions. Each measure- 
ment cycle will be 65,536 counts long. The measurement 
cycle time for one conversion is: 


T Conversion (msec) = 65.536 1/fc(kKHz) 
Where: fc = Internal Clock Frequency in kHz. 


If CONV/STOP =0 during the reference integrate phase and 
after a zero-crossing has been detected the integrator zero 
phase is immediately entered andcompleted. This eliminates 
the time spent in the reference integrate phase after the out- 
put data latches are updated. 


If CONV/STOP remains low, the TSC800 will wait in the sys- 
tem zero phase. The signal integrate phase will begin 7 clock 
counts after a CONV = 1 signalis detected. The CONV/STOP 
signal is detected synchronously with the internal clock. The 
system zero phase should last a minimum of 70 msec. See 
Figures 6 and 7 for CONV/STOP conversion timing diagrams. 


lf CONV/STOP goes low and remains low during the system 
zero phase, the TSC800 will stop at the end of the phase and 
wait for CONV = 1. The signal integrate phase will start seven 
clock counts after CONV = 1 is detected. 


PIN DESCRIPTION 


HBEN/HBFLG 
(Pin 19) 


HBEN: High Data Byte 
Enable Input. A logic 

0 activates the high 

order data (SGN, DB15 

- DBg) if CE = 0. 

HBFLG: High Data Byte 
Flag Output. Indicates 
output data is DB15 - DBo. 


CE/LDSTRB 
(Pin 20) 


CE: Master Output Enable 
Input. When CE = 1 outputs 
(SGN, DB15 - DB1) are 
disabled and in a high 
impedance state. 


LDSTRB: Load Strobe 
Output Signal. 

A logic 0 or 

falling edge indicates 
valid data is 

present at the output. 
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15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 


TSC800 


—~«——_—_—— SYSTEM ZERO PHASE ——-———- 


SIGNAL REFERENCE | ae 

SYSTEM ZERO ___ | ¢__ INTEGRATE —> INTEGRATE ————>|w INTEGRATOR, |, HOLD T es ech 

PHASE (SZ >|-<— STATE —> 7 COUNTS. + INTEGRATE 
(SZ) PHASE (SI) PHASE (RI) mh Nae CONV/STOP PHASE 


SIGN BIT 
DETERMINED 


‘fs 


INTEGRATOR 
OUTPUT 


v—— TRUE 
ZERO 
CROSSING 


ZERO CROSSING 
INTERNAL PET 


CLOCK ~ f, 


INTERNAL DATA 
LATCH UPDATE 
SIGNAL 


ee 
CONV/STOP 
REMAINDER OF 
RE 2048 to 4096 USER»! FIXED 
OUNTS > 


RENCE 
INTEGRATE Cc DETERMINED 7 COUNTS 
PHASE 


——— | 


Figure 6: Convert on Command Operation. (CONV/STOP = 0 After Zero Crossing Detected) 


SIGNAL ' REFERENCE INTEGRATE INTEGRATOR 
Pp RI) ZERO 


SYSTEM ZERO <t INTEGRATE alc 
PHASE (SZ) (DEINTEGRATE) 


NEXT 
CONVERSION 
PHASE (SI!) CYCLE 


PHASE 
(IZ) 
IGN BIT 
DETERMINED 
INTEGRATOR 
OUTPUT 


TRUE ZERO 
CROSSING 


ZERO CROSSING 
DETECTED 


INTERNAL 
CLOCK - f, 


INTERNAL DATA 
LATCH UPDATE 
SIGNAL 

BATA VALID 
(DVD) 


Ty ——> Tp Vy 


NUMBER OF 
COUNTS —>> 
pO nee 
t——— 12,228 COUNTS ——3>|~4—. 16,384 COUNTS iN 32,768 COUNTS ————> 4096 COUNTS 


Oa 
ONE CONVERSION CYCLE = 65,536 COUNTS (Tegny = 65,536 XO) > 


Figure 7: Continuous Conversion (CONV/STOP = 1) | 


Data Valid (DVD, Pin 40) 


Test Input (Pin 17) DVD = 7 at the start of signal integrate and DVD = 0 one half 


When Test = 1 the counter data latches are enabled. If Test = clock period after new data is stored in the data latches. Since 
0 the counter outputs are forced to a 1 state and the internal DVD is always low when data is not changing the signal may 
clock is disabled. When Test is returned to a logic 1 and one be used asa “Data Valid Flag”. See Figures 6 and 7fortiming 
clock pulse is applied all the counter outputs are clocked low. relationships. | 
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Data Output Description 
Parallel Mode Data Interface 
With BUS/Hand = 0 the sign and data bits are controlled by 


the CE (Pin 20), LBEN (Pin 18) and HBEN (Pin 19) inputs. All 
three inputs have internal pullup resistors. Inactive data bits 


are in a high impedance state. 


The HBEN signal controls the most significant data byte 
(SGN, DBi5 - DBg). LBEN controls the least significant data 
‘byte (DBs - DB}). 


High Data Byte Low Data Byte 
(SGN, DB15 - DBg) (DBs - DB1) 


m 
< 
w 
m 
Zz 
r 
w 
m 
= 


1 X X Inactive Inactive 

(High Z State) (High Z State) © 

0 0 Active Active 
0 0 1 Active Inactive 
(High Z State) 

0 1 0 Inactive Active 

(High Z State) 
0 , 1 Inactive Inactive 

(High Z State) (High Z State) 
“X”’ = 1 0r0 


The HBEN, LBEN and CE input signals are asynchronous 
with the internal conversion clock. Output data is imme- 
diately available. To avoid accessing data as data updates 
occur the DATA VALID (Pin 40) signal can control the data 
access. DATA will not change if DVD = 0. 


t 

DHB 

j<—>| HIGH 
IMPEDANCE 


VALID DATAVISTATE 
DB8 —DB1 


Figure 1A: Parallel Data Transfer - Two 8-Bit Bytes 
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TSC800 


race >| 
HIGH 


IMPEDANCE 
HIGH IMPEDANCE STATE VALID DATA STATE 
SGN, DB15 to DB1 
VAL ARE 


/ | CARE 


Figure 1B: Parallel Data Transfer - 16-Bit Bytes 


Handshake Mode Data Transfer 


The TSC800 actively controls the data transfer to peripherals 
through the handshake data transfer mode. In the handshake 
mode pins 18, 19 and 20 (LBFLG, HBFLG, and LDSTRB) are 
TTL compatible outputs. The LDSTRB signal indicates valid 
data is available for the peripheral. The LBFLG and HBFLG 
signals indicate which data byte is being transferred. The 
data request signal (DRQST, Pin 27) informs the TSC800 a 
peripheral is ready to accept data. Acomplete cycle transfers 
two 8-bit bytes. 


The BUS/Hand signal is ignored after the handshake mode 
is entered. Conversions continue but data latch updating is 
inhibited until the TSC800 transfers two data bytes and clears 
the internal mode latch. 


The handshake mode is entered in two ways: 


@® Set BUS/Hand = 1 
® Pulse BUS/Hand High (f"L) 


BUS/Hand = 1 


With Hand = 1 the TSC800 will enter the handshake mode 
after data is stored in the output data latches. Once the hand- 
shake mode internal latch signal is set the BUS/Hand signal 
is ignored. The Data Request Input Signal (DRQST) signal 
controls data transfer to the external requesting peripheral. 
Figure 2 shows the timing diagram for the data transfer with 
BUS/Hand = 1 (throughout the transfer). Note that DRQST = 
1 throughout the transfer. The data transfer rate is set by the 
TSC800 internal clock. A complete data transfer occurs in 4 
clock periods after a DRQST = 1 is detected on a high to low 
internal clock edge transition. 


For peripherals that cannot accept data at the TSC800 clock 
rate the DRQST input signal can be used to delay the transmit 
sequence. This mode is useful in interfacing to UARTS. 
Figure 3 shows a typical 2502 UART interface. 


15-BIT PLUS SIGN: INTEGRATING 
ANALOG TO DIGITAL COVERTER 


TSC800 


ZERO CROSSING 
INTEGRATOR 


OV 
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DVD (DATA 
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INPUT SIGNAL [oar (eae cS ean i 
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(HIGH DATA BYTE FLAG OUTPUT) )aearseerene 
HIGH IMPEDANCE STATE HIGH IMPEDANCE STATE 


HIGH DATA BYTE 


DATA VALID 
SGN, DB15 to DBO 
CBFG i © 
(LOW DATA BYTE FLAG OUTPUT) eT i 
HIGH IMPEDANCE STATE HIGH 
Y DATA VALID 
LOW DATA BYTE - DBS to DB1) . 


; IMPEDANCE 
Now: STATE 
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2. DRQST Signal Sensed at H—— L Clock Transition. fy an 
3. LDSTRB & HBFLG Become Active at First L—3=— H Clock /) STATE 
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Figure 2: Data Transfer with BUS/Hand = 1 
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Figure 3A: Typical UART Interface Timing with DRQST Signal Controlling Data Transfer Timing 


LOW DATA BYTE (DB8 to DB1) 
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The UART data transfer sequence begins with a DRQST = 1 
signal. This indicates the UART transmitter buffer register is 
empty (TBMT = 1). LDSTRB and HBFLG become active when 
DRQST is sensed synchronously. The high order data byte is 
stored in the UART transmitter buffer register when LDSTRB 
= 1. This occurs one clock period after DRQST is sensed. The 


BAUD 
RATE GENERATOR 


PARALL/HAND BUFOSC 


DROST —4~ 


TSC800 
LDOSTRB 


COM2502 
UART 


LBFLG 


RDA = Receiver Data Available (Set high when character received & 
transferred to receiver buffer register) 

TBMT = Transmitter Buffer Empty (Set high when transmitter buffer 
register available for loading with new data) 

TDS = Transmitter Data Strobe (Low level input transfers data into 

transmitter register) 

RDAR = Receiver Data Available Reset (Low lever resets RDA output 

to iow level) 


Figure 3B: Typical UART to TSC800 Connection 


INTERNAL 
CLOCK 


INTERNAL DATA 
LATCH 


DVD 


POSITIVE EDGE 
—— SETS HANDSHAKE 
BUS/HAND — UART MODE ’ 


INTERNAL 
TRANSFER 
MODE 


DROST 


LDSTRB 


HBFLG 


HIGH 
DATA BYTE 


Notes: 

1. High Impedance State with Resistive Pullup 

2. High Impedance State 

3. DROST Input Sensed 

4. Output Sequence Greater Than Conversion Cycle 


TSC800 


DRQST signal (TBMT) goes low halting the cycle with the 
SGN and DBN 15 - DBg data bits active. After the UART trans- 
fers the received data to the transmitter register the DRQST 
input (TBMT) again goes high. On the first high to low internal 
clock transition the high byte data is disabled and one-half 
clock period later HBFLG = 1. Concurrently LDSTRB =0 and 
DBs - DB1, become active. One clock period later CDSTRB = 
1 and the low data byte is clocked into the UART transmitter 
buffer register. DRQST goes low. When DRQST returns high 
it will be sensed on the first TSC800 internal clock high to low . 
edge transition thus causing all outputs to be disabled. One 
half clock period later the internal handshake mode latch is 
cleared and LDSTRB = HBFLG = LBFLG = 1. The outputs 
remain active as long as Hand = 1. 


BUS/Hand = _I"L (Pulse) 


The TSC800 outputs every conversion (except those com- 
pleted during a handshake transfer) with Hand held high. 
Handshake output sequences on demand are possible by 
triggering the Hand control input with a low to high edge. 
Figure 4 shows a typical data transfer. The output cycle is 
controlled by the DRQST input signal. The complete two 
byte data transfer can take any length of time. Conversions 
are made and the DVD and CONV/ST OP inputs function nor- 
mally but new data will not be latched until the handshake 
mode is terminated. 


ZERO CROSSING ZERO CROSSING 
DETECT 


DATA LATCH 


REFERENCE 
INTEGRATE PHASE 


nile A 


Figure 4: Handshake Output on Command (DRQST Signal Controls Transfer) 
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Oscillator Control and Operation 


OSC CON (Pin 24) configures the internal oscillator. as a 
crystal or RC oscillator. OSC CON = 1-establishes the RC 
oscillator. R should be 50 k© or larger. The internal clock 
matches the frequency and phase of the BUF OSC (Pin 25). 
signal. In the crystal oscillator mode (OSC CON =0)a+15is 
between the buffered oscillator output and the internal clock. 
The internal oscillator may be over-driven by driving OSC 1 
(Pin 23). The OSC CON pin controls whether the internal 
clock is divided by 15. - 8 


Internal Signal 
- Oscillator OSC CON Clock Integration Conversion 
Type (Pin 24) Frequency Time Cycle Time 
RC Vs oropen  .45/RC 16384 /RC\ RC. 
—— } —— [65,536] 
45 / 45 
Crystal Ground fxTaL + 15 | 15 ) 15 65,536] 
fxTAL/ fXTAL 


fxTAL = Crystal Frequency 
Typical Crystal Operation: 
@ fx = 2.4576 mHz | 
-®@ {|nternal Clock Frequency = 163.8 kHz 


© Signal Integration Time = 100 msec 
®@ Conversion Cycle Time=400 msec (2.5 Conversions/Sec) 


External Oscillator Control 


INTERNAL CLOCK 


+15 


ENABLE 


TSC800 


EXTERNAL 


O 
CLOCK 
OSC CON 
(GND == 15) y SOURCE 


INTERNAL 


15-BIT PLUS SIGN INTEGRATING 
ANALOG TO DIGITAL COVERTER 


Internal Crystal Oscillator Configuration | 


Component Value Selection 
Integrating Resistor (Rin7) 


The desired full-scale input voltage and output current capa- 
bility of the input buffer and integrator amplifier set the inte- 
gration resistor value. The internal class A output stage 
amplifiers will supply a 20 wA drive current with minimal 
linearity error. Rint is easily calculated for a 20 uA full scale 
current: 


Full-Scale Input Voltage (V) 


Rint (M Q) = 
20 
Full-Scale Input Voltage (Vrs) RINT 
3.2768 160 k 0 
4.0000 200 k 9 


Integrating Capacitor (Cint) 


The integrating capacitor should be selected to maximize 
integrator output swing. The integrator output will swing to 
within 0.4 V of Vé or Vs without saturating. With + 5 V power 
supplies and analog common connected to supply ground a 
3.5 V to 4.3 V swing is adequate. 


Using the suggested 20 pA full-scale buffer output current 
the integrating Capacitor is easily calculated: 


| 1 
| 16.384 ( f kHz | 20 pA 
CINT (uF) = ead . 


Integrator Output Voltage Swing (V) 


Where: fco_k = Internal Clock Frequency 
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Component Value Selection (Cont.) 
Integrating Capacitor (Cint) 


For 2.5 CONV/SEC the internal clock is 163.8 kHz. The 
TSC800 operates at 2.5 CONV/SEC with an external crystal 
equal to 2.4576 MHz. A 0.47 uF capacitor is recommended. 


The integrating capacitor should be selected for low dielec- 
tric absorption to prevent roll-over errors. Polypropylene 
capacitors are suggested. The outer foil of Cint should be 
connected to Cint (Pin 31). 


System Zero Capacitor (Csz) 

A 1.0 uF polypropylene capacitor is suggested. The inner foil 
should be conected to Caz (Pin 32). 

Reference Capacitor (Crer) 


A 1.0 uF capacitor is suggested. Larger values may be used to 
limit roll-over errors. Low leakage capacitors such as poly- 
propylene or Teflon® should be used. 


Reference Voltage 


The analog input required to generate the 32,768 full-scale 
count is VinpuT = 2 VrReF. The reference voltage source 


should be selected for temperature stability. The TSC800 | 


provides 30 ppm resolution. With a 5 ppm/°C reference a 6° 


Applications Information 


TSC800 


change will introduce a 1-bit absolute error. A stable refer- 
ence must be used where ambient temperature is controlled 
and accurate absolute measurements are needed. 


The reference voltage input must be a positive voltage with 
respect to analog common. Reference voltage circuits are 
shown below. 


Reference Voltage Circuits 


TSC9491 


VREF 


" 


TSC800 


ANALOG 
COMMON 


ANALOG GROUND 


Delay Resistor (Rs) 


The Rs, Cint combination compensates for comparator delay 
time. With a 0.47 uF integrating capacitor a 20 ( series resistor 
is suggested. 


TSC800 Parallel Interface to 6522 Versatile Interface Adapter 


2.4576 MHz 


23 22 39 [38 | 28 


OSC 1 OSC 2 OSC DIG vit ve 
CON GND °S Ss 


+ 
VIN 


“—“~ 


TSC800 


Bit-7 


DATA BUS 
CONTROL 
BUS 6502 PROCESSOR 
ADRESS 
BUS 


IRQ 


6522 VIA Peripheral Control! Register (PCR) Set U. 


(Register 12) 


CB CAt 
interrupt Interrupt 
Control Contre) Control 


CB2 CA2 
Control 


Bit-6 ~—-Bit-5 Bit-4 Bit-3 -Bit-2_— Bit-1 Bit-0 


1 


1 0/1'O — _ _ — 


* May be programmed for convert on command or continuous.conversions. 
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Applications Information (Cont.) 
TSC800 Interface to 6520 VIA 


DATA BUS 


2.4576 MHz - 1h8V -5V 
J 


osci OSC 2 OSC DIG yt VS 


CON GND ‘S 
} O : IR 
ANALOG 
INPUT 
= CONTROL 
BUS 
6502 
ue PROCESSOR 


ADRESS 
BUS 


6520 PIA Control Register A (CRA) Set Up. 


CA2 DDRA 
Control Access 


Bit-7 Bit-6 Bit-5 Bit-4 Bit-3 Bit-2 Bit-1  Bit-0 
X X 1 0 0 0 1 


IRQA1 IRQA2 CA1 Control 


LDSTRB 
INITIATES 


BUS/HAND VREF INTERRUPT 
{RQA output 
Set by a negative enabied - goes 
CA‘1 transition.. CA2 is set high on low when Bit-7 
Reset by a negative CA1 transition. in CRA is set by 
Read Port A A Port A Read opera- negative transition 
operation. tion sets CA2 low. of signal on CA1. 


INTERNAL - 
CLOCK 
INTERNAL | 
DATA LATCH =—— ee ee 
ae eay Ce a aan 

a aa 
DATA AVAILABLE ; 


INTERRUPT ———— 
(LDSTRB, CA1) | | | 


ae eee SGN, DB,5-DBg DATA VALID HIZ | pBg-pB, DATA LHL. 
IMPEDANCE VALID [IMPEDANCE 
DATA REQUEST SENSED DATA REQUEST SENSED = ~—s DATA REQUEST SENSED 
PERIPHERAL DATA 
REQUEST__ 
(DROST, CA2) 
READ . READ 

PROCESSOR READS PERIPHERAL Be REA 

— c ~ BYTE BYTE 


PROCESSOR INTERRUPT 
(TROA) 


Note: Data from every conversion is trarismitted 
in two bytes. (Data read cycle is less than conversion time) 


‘Handshake Timing Diagram: TSC800 to 6520 Peripheral Interface Adapter 
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FEATURES 


12-bit Plus Sign, High Accuracy A/D Converter 
Up to 30 Conversions per Second 

Selectable Conversion Rate 

On-Board Analog Mux ....... 4 or 8 Channel 
Very Fast Overload Recovery 

High Impedance Differential Input 

Low Noise CMOS Design ............ 15uVp-p 
Analog Mux Expansion Capability 

Low Input Leakage Current, 10pA (Max) 
Flexible Digital and uProcessor Interfacing 
Internal Reference Regulator, 50ppm/°C 

Power Up to Known State 

Crystal Controlled Clock Circuit 

Available in Compact Flat Package or PLCC 
Industrial Temperature Range Device Available 
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CONTROL | O HBEN 

ro ee 

38 

39 
O0E 

CLOCK 


36 62 3 145 j2 66 j65 |64 {67 j|68 {1 
O O O 0 O O 0 0 0 0 O 


V+ DGND RUN/ STATUS SIP OSC OSC INT; SYS FSO FS1 
HOLD 2 EXT CLI 


PRODUCT INFORMATION 


TSC804 


GENERAL DESCRIPTION Pin Configurations 


The TSC804 is a 12-bit (plus sign and over- 
range) analog to digital converter. It is equivalent to 
the popular TSC7109A except that the TSC804 incor- 
porates an on-board analog multiplexer which may 
be configured for either 4 or 8 channel operation 
under software control. The TSC804 represents the. 
latest technology in multi-slope, high noise immunity, 
integrating A/D conversion. The advanced CMOS 
design offers very low power consumption and high 
reliability. 


The TSC804 provides two very flexible modes CHB'/CHa 
of digital interfacing to fit a variety of system confi- ae oe 


gurations. The Handshake Mode supports either fast CEOs 60-LEAD PLASTIC 
or slow UART interfacing with either triggered or ee ere 
continuous operation. The Direct Output Mode sup- 
ports microprocessor systems that use a direct bus 
architecture with either an 8-bit or 16-bit data bus 
structure. . 


Typical Applications 
m@ Process Control 
— Flow Measurement 
— Leak Detection 
— pH Measurement 


— Pressure 

— Temperature 

— Viscosity 

— Position 
m Data Aquisition 
m Environmental Monitoring 
m Portable Instrumentation 
m Power Supply Monitoring 
m Medical Monitoring 
m Scales and Balances v 
m Photo-Voltaic Instruments te 

CH6'/CH2- TSC804CLS 
® . CH5*/CH1- 
Ordering Information sate commis LEADED CHIP CARRIER 
a ee a a ee Eee ee eT e eo V + 
Part No. Package Temp. Range CHa: 
SS ee ee CH3* 
TSC804CLS 68-pin PLCC 0°C to +70°C site 
TSC804CBQ 60-pin Plastic 0°C to +70°C ; 
Surface Mount 
TSC804CLS/BI 68-pin PLCC 0°C to +70°C 
Burn-in: 160 Hour, +125°C 

TSC804ILS 68-pin PLCC -25°C to +85°C ee aap OES oe 
TSC804ILS/BI 68-pin PLCC -25°C to +85°C 


Burn-in: 160 Hour, +125°C 
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Absolute Maximum Ratings 
Positive Supply Voltage (V*) .......... 
Negative Supply Voltage (V7) ......... 
Analog Input Voltage Range (Note 1) 


.... +6.2V Notes: 


~-9 OV 1. Input voltages may exceed the supply voltage if the input 
Vt to V- current is limited to --100uA. 
2. Connecting any digital input or output to voltages greater than 


Reference Input Voltage Range ....... Vv" to V V' or less than DGND may cause destructive device latchup. 
Digital Input or Output Therefore, it is recommended that inputs from sources other 
(NOIES2) “2.3.25-2 seca som esetaes V* to DGND - 0.3 than the same power supply should not be applied to the 
Power Dissipation (Note 3) ........ 1W @ +85°C TSC804 before its power supply is established. In multiple 
Operating Temperature power ee systems, the supply to the TSC804 should be 
5 activated first. 
Commerical PO egg om ge 0°C to 70°C 3. The power dissipation limit refers to the package and will not 
PACQUISTIIAU: os oad yh gare wie dae etek -25°C to +85°C occur during normal operation. 
Storage Temperature .......... ~55°C to +125°C 
Lead Temperature (60 sec.) ............. +300°C 


This device contains circuitry to protect the inputs from damage due to high static voltage or electric fields. It is advised that voltages 
greater than those listed under Absolute Maximum Ratings may cause permanent damage to this device. Normal precautions 
should be taken to avoid application of any voltage higher than the Absolute Maximum Ratings. 


Electrical Characteristics 


V* = 5V, V- = -5V, 15 Conversions/Sec, 1MHz Crystal, T, = 25°C (unless otherwise noted) 


SYM- 
BOL PARAMETER 


TSC804 
TEST CONDITIONS MIN TYP MAX UNIT 


Analog Multiplexer Section (see Analog Multiplexer Timing Diagram) 


(pbsSON On Resistance 


-25°C < Ty, < 85°C 


tam Break-before-Make 


tap Address Delay, Transparent 


tww Address Set-up, Write 


twr Write Delay 


-25°C < Ta < 85°C 


CORR Channel Off Rejection Ratio 


fin = 10Hz 


Converter Section 


Zero Input Reading 


VIN = 0, Ves = 409.6mV 


Ratiometric Reading 


VIN = VREF = 204.8mV 


NLE Non-linearity Error 


Ves = 204.8 or 409.6mV 


ROE Roll-over Error 


Common-mode 
Rejection Ratio 


Ves = 204.8 or 409.6mV 


Vom = ace 8 Vin = OV 


Vomra  Common-mode Voltage Range 


Vi Noise (aver. pk-pk) 


ie Input Leakage Current 


Ta = 25°C 
OC= Ta = 70°C 
~25°C < Typ < 85°C 
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Electrical Characteristics (continued) | 7 
Vt = 5V, V- = -5V, 15 Conversions/Sec, 1MHz Crystal, T, = 25°C (unless otherwise noted) 


TSC804 
TYP 


SYM- 
BOL 


PARAMETER TEST CONDITIONS MAX 


Converter Section (Continued) 


: OC=Th= 70°C. — 0.2 10 | uWw°ec 
TCo Zero Reading Drift 25°C < Ty, < 85°C = 08 20 | prc 
. 0°C < Ta S 70°C — 1 lppm/?c. 
TCes Full-scale Gain Tempco -25°C < Ta < 85°C _ 7 ppm/?C 
Over Range Recovery | 
= — + + 
(Next Conversion) Ves = 204.8mV +1 +2 Count 
Supply/Reference Section 
Vt Positive Supply Voltage 4.5 5.0 55 V 
V- Negative Supply Voltage | | ~4.5 -5.0 -5.5 V 
; ‘ | | — 15 20 mA 
| SURBIY SURE NS OND: _.Soae ee t eee = 20 25 | mA 
: : | o -1.5 -2.0 | mA 
| Supply Current V~ to GND -25°C < Ta < 85°C = 20 -25 | mA 
VReEF Reference Voltage (w/ respect to V*) -2.8 -3.0 -3.2 V 
= 6d OCS Ta S 70°C — 25 50 =|ppm/°C 
TCrer Reference Voltage Tempco -25°C < Ta < 85°C - 30 75 ppm/°C 
Digital Section : | 
VoH Output High (SYSCLK, SIP) — lo, = -100uA = 45 = Volts 
Output High (B;-By2, OR, es _ | 
VoH POL, STATUS) lot = 100uA 3.5 4/7 Volts 
Voi Output Low (SYSCLK, SIP) lop = 0.5mA Volts 
Output Low (B4-By2, OR, _ 
VoL POL, STATUS) lo. = 1.6mA Volts 
- Output Leakage | 
lon (High Impedance) By-By2, OR, STATUS “Amps 
Control I/O Loading LBEN, HBEN, OE pF 
ViH Input High Voltage | 2.9 —_ —_ V 
Vit Input Low Voltage — _— ib: V 
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Electrical Characteristics (continued) 
Vt = 5V, V- = -5V, 15 Conversions/Sec, 1MHz Crystal, Ta = 25°C (unless otherwise noted) 


SYM- TSC804 

BOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Digital Section (Continued) 

Ipy Input Pull-up Current (all except TEST) — 30 — pA 
TEST — 100 — UA 

IPp Input Pull-down Current Mode — 30 — LA 

if wie Pulse Width _ 50 = Boag 

Oscillator Section 

fosc Frequency of Oscillation 0.8 1.0 5.0 MHz 

OSCoH Output Current High 1 2.0 mA 

OSCo, Output Current Low 1.5 3.0 mA 


Analog Multiplexer Timing Diagram 


OLD ADDRESS (X) NEW ADDRESS (Y) 


Transparent Mode _ Write Mode 
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Pin Descriptions 


60-Pin 
Flat 68-Pin | 
Pack PLCC Symbol Description 
1 62 DGND. -. Digital Ground, OV, Ground return for all input and output logic. 
2 63 TEST Input HIGH—Normal operation, Input LOW—Force all bits high. (For test 
purposes only.) . ae 
3 64 INT/EXT Oscillator Select: Input HIGH - Select Crystal Oscillator 
| Input LOW - Select External Oscillator Input 
4 65 OSC, Crystal or Clock input 
5 66 OSCpo Crystal | 7 
6 67 SYSCLK System Clock - buffered system clock output 
7 68 FSo Conversion Rate (Bit 0) 
8 1 FS, Conversion Rate (Bit 1) 
9 2 SIP Signal Integrate Phase 
10 3 RUN/HOLD Run or Hold: Input HIGH—Performs continuous conversions, 
| Input LOW—Converter will stop in Auto-Zero. 
11 4 SGL/DIF — Analog Mux Mode: Input HiGH—Select 8 Channel, Single-ended, 
Input LOW—Select 4 Channel, Differential. 
12 5 WE Write Enable: Input HIGH—Multiplexer Address Write Disabled, 
a Input LOW—Multiplexer Address Write Enabled 
13 6 WR Write: Input HIGH - Multiplexer Address Latched, 
| Input LOW - Multiplexer Address Enabled 
14 7 RST Reset Latch: Input HIGH—Multiplexer Enabled, 
Input LOW—Multiplexer Disabled 
15 8 Ao Analog Multiplexer Address (Bit 2, Latchable) 
16 11 Ay Analog Multiplexer Address (Bit 1, Latchable) 
17 12 Ao Analog Multiplexer Address (Bit 0, Latchable) 
18 13 EN | Analog Multiplexer Enable (Address Qualifier, Latchable) 
19 14 V- Negative Supply Voltage 
20 15 | CH8*/CH4- Analog High (Chan. 8)/Analog Low (Chan. 4) 
21 16 CH7*/CH3- Analog High (Chan. 7)/Analog Low (Chan. 3) 
22 17 CH6*/CH2- Analog High (Chan. 6)/Analog Low (Chan. 2) 
23 18 CH5*/CH1- Analog High (Chan. 5)/Analog Low (Chan. 1) 
2419 Vin” ~ Mux Out/Analog In (Low) 
25 20 ANALOG Internal ground reference for analog circuits. 


COMMON 
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Pin Description (continued) 


TSC804 


60-Pin 
Flat 
Pack 


26 
Py 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
AI 

42 
43 
44 
45 


46 


47 


48 


49 
50 
51 
52 


68-Pin 
PLCC 


21 

22 
23 
24 
25 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

42 


45 


46 


47 


48 
49 
50 
51 


Name 
Vin" 
CH4* 
CH3* 
CH2* 
CH1* 
VREF™ 
CREF” 
CREF 
VREF 
BUF in 
BUF out 
Caz 
VINT 

ve 

REF out 
DRQST 
OE 
LBEN 
HBEN 
MODE 


STATUS 


POL 


OR 


Description 

Mux Out/Analog In (High) 
Analog High (Chan. 4) 
Analog High (Chan. 3) 
Analog High (Chan. 2) 
Analog High (Chan. 1) 
Reference Voltage High 
Ref. Capacitor High 

Ref. Capacitor Low 
Reference Voltage Low 
Buffer Input 

Buffer Output 

Auto Zero Capacitor 
Integrator Output 

Positive Supply Voltage 
Reference Output 
Data Request, Input 

Output Enable, Input “’/Output™ 
Low Byte Enable, Input'’’/Output™ 
High Byte Enable, Input'’/Output® 


Mode Select, Input: LOW—Direct Output Mode ™ 
HIGH—Hand Shake Mode 


Status Bit, Output: HIGH during Integrate and Deintegrate until data is 
latched, 
LOW during Auto-Zero and Integrate-Zero 


Polarity Bit, Output: HiGH—Positive, 
LOW—Negative 


Over Range Bit, Output: HIGH—Overrange, 
LOW—Non-Overrange 


Data Bit 12 (Most Significant Data Bit) 
Data Bit 11 | 
Data Bit 10 

Data Bit 9 
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Pin Description (continued) 


60-Pin 

Flat 68-Pin 7 
Pack PLCC Name Description 
53 52s Bg 

54 53 B7 Data Bit 7 
55 54 Be Data Bit 6 
56 55 Bs Data Bit 5 
57 56 Ba Data Bit 4 
58 57 Bz Data Bit 3 
59 58 Bo Data Bit 2 
60 59 By 


™ Direct Output Mode (MODE = 0) 
®) Hand Shake Mode (MODE = 1) 


MODE SELECTION AND DATA TRANSFER 


INTERFACING (All pin references are to PLCC 
package). - 


The direct output mode is a fully compli- 
mented microprocessor interface which can support 
either an 8 or 16 bit data bus. The microprocessor 
programming has direct control over the data transfer 
technique. The status bit (STATUS) from the TSC804 
supplies the information to the microprocessor to 
insure proper timing and data handling. | | 

The TSC804 will be in the direct output mode. 
as long as the MODE input is LOW. An internal pull- 
down resistor insures that this is the default mode if it 
is left unconnected. tse 
. When the TSC804. is in the direct mode, 

OUTPUT ENABLE (OE), LOW BYTE ENABLE (LBEN) 
and HIGH BYTE ENABLE (HBEN) become inputs. 
These inputs are then used to control the data 
transfer. The DATA REQUEST (DRQST) input is not 
used and should be tied HIGH. (see “DIRECT Inter- 
facing”) | . 


Direct Output Mode Data Transfer 


The low order byte (bits 1 through 8) and the 
high order byte (bits 9 through 12 plus the polarity and 
overrange bits) are accessible under control of OE (pin 
38), LBEN (pin 40) and HBEN (pin 41). These three 
inputs are all active LOW. Internal pullup resistors are 
provided for an inactive HIGH when lift open. ALOW 
on OE will permit a LOW on input HBEN and/or LBEN 
to output data to the bus. A_LOW on HBEN selects the 


PRODUCT INFORMATION 


Data Bit 8 (STATUS in High Byte of 8-bit BUS Mode. See Text) 


Data Bit 1, (Least Significant Bit) 


6-bit high data byte, a LOW on LBEN selects the 8-bit 
low data byte and-a LOW on both HBEN and LBEN 
selects the whole 14-bit data word. | | 

The access of data should be synchronized 
with the conversion cycle by monitoring the STATUS 
output (pin 45). This will prevent accessing the data 
while it is being updated. Status.can also be read on 
the B8 output when HBEN is low and LBEN is high. 


HBEN 
AS INPUT 


LBEN 

AS INPUT 

HIGH BYTE 

DATA 

LOW BYTE 
VALID 


2 — =—HIGH IMPEDANCE 


Figure 1: TSC804 Direct Mode Output Timing 
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Direct Mode Truth Table 


TSC804 


* DRQST should be tied high. 


Outputs 


1 


high Z 
low byte 
high Z** 
low byte 
high Z 


high Z 

high byte 

high byte 
high Z 
high Z 


** Output B8 is active, and reflects the converter status. This permits the status to be monitored without requiring a separate pP input 


pin for the STATUS output (pin 45). 
Table 1. TSC804 Direct Mode Timing Requirements 


Byte Enable Widt 
Data Access Time 
from Byte Enable 
Data Hold Time 
from Byte Enable 
Chip Enable Width 


Data Access Time 
from Chip Enable 


Data Hold Time 
from Chip Enable 


B GND —-~ 


ANALOG 
SELECT 


ANALOG 
SELECT 


a) B1-B8 


TSC804 


ANALOG 
IN 


ANALOG 
IN 


RUN/HOLD 


HBEN 


GND OR iL 


“HBEN LBEN 


CHIP SELECT 1 


TSC804 


RUN/HOLD 


INTERFACING 
Direct Mode 


Combinations of chip enable and byte enable 
control signals which may be used when interfacing 
the TSC804 to parallel data lines are shown in Figure 
2. The OE input may be tied low, allowing either byte 
to be controlled by its own enable (Figure 2A). Figure 
2B shows the HBEN and LBEN as flag inputs, and OE 
as a master enable, which could be the READ strobe 
available from most microprocessors. Figure 2C shows 
a configuration where the two byte enables are 
connected together. The OE isa chip select, and the 
HBEN and LBEN may be used as a second chip 
select or connected to ground. 


CHIP SELECT 


Cc GND 


ANALOG 
SELECT 


a] B1-B8 


TSC804 | 


ANALOG 
IN 


RUN/HOLD 


CONVERT 


CONVERT 


LBEN HBEN LBEN 


CONTROL CHIP SELECT 2 


BYTE FLAGS 


Figure 2: Direct Mode Chip and Byte Enable Combinations 
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DDRESS BUS 


’ CONTROL BUS 


PRODUCT INFORMATION 


DATA BUS 


ANALOG 
SELECT 


87C48, 
8008, 8080, 
8085, 8048 ETC 


Figure 3: Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputer 


Handshake Mode (MODE = 1 or_[L) 


The handshake-modeis an alternative means 
ofinterfacing the TSC804 to digital systems. It provides 
a means for having the TSC804 become active in 
controlling the flow of data. This mode allows a direct 
interface between the TSC804 and standard UART’s 
with no external logic required. The TSC804 provides 
all the control and flag signals necessary to sequence 
the data into the UART and initiate the serial trans- 
mission. 

The handshake mode is activated when the 
MODE input pin is held high. The data transfer 
sequence is started at the end of the conversion cycle 
and after new data has been stored in the output 
latches. | 

The data transfer sequence may also be 
initiated at any time during the conversion cycle by a 
positive going pulse applied to the MODE pin. If the 
low to high transition occurs while new data is being 
stored, the entry into the handshake mode is delayed 
until the data is stable. 

Whenever the handshake mode has been 
activated, OUTPUT ENABLE (OE), LOW BYTE 
ENABLE (LBEN) and HIGH BYTE ENABLE (HBEN) 
become outputs. These outputs are then used to “talk 
to” the UART. The DATA REQUEST (DRQST) input is 


used by the UART to transfer data. (see “UART ~ 


Interfacing”) 


Handshake Mode Data Transfer 


The TSC804 actively controls the data transfer 
to peripherals through the handshake data transfer 
mode. In this mode, OE (pin 38), LBEN (pin 40) and 
HBEN (pin 41) are each TTL compatible outputs. A 
LOW on OE signals that valid data is available for the 
peripheral. A LOW on HBEN or LBEN indicate which 
data byte is being transferred. A HIGH input to the 
TSC804 on DRQST (pin 38) initializes the data transfer. 
The high byte is transferred first followed by the low 
byte. Data DRQST may be taken LOW to delay the 
transfer between data bytes. | 

Handshake output sequences may be per- 
formed on demand by triggering the converter into 
handshake mode with a low to high edge on the 
MODE input. A handshake output sequence triggered 
is shown in Figure 5. The DRQST input is low when 
the converter enter handshake mode. The whole 
output sequence is controlled by the DRQST input, 
and the sequence for the first (high order) byte is 
similar to the sequence for the second byte. 

These diagrams also show that the output 
sequence can take longer than a conversion cycle. 
New data will not be latched when the handshake 
mode is still in progress and is therefore lost. 
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Outputs 
STATUS B,...Bg By... Byz, OR, POL 
high Z high Z 
high Z high byte 
high Z high byte 
low byte high Z 
high Z high Z 
Se ie Ee es at 


1 MODE pulsed high or held high 
2 Data strobe 


, ADDRESS BUS ; 

a i Se | | = = Pica Rees wien Sean par oeey 
CONTROL BUS ( 
° DATA BUS ° 


ANALOG 
SELECT 


87C48, 
8008, 8080, 
8085, 8048 ETC 


ANALOG 
IN 


RUN/HOLD 


MODE 


p ean 


Figure 4: Handshake Interface—TSC804 to MCS-48, -80, -85 


8-51 


PRODUCT INFORMATION 


TSC804 


ZERO CROSSING OCCURS 

; ZERO CROSSING DETECTED 
INTEGRATOR 
OUTPUT 


INTERNAL 
CLOCK . 
LATCH 
OUTPUT 


MODE PCRS CRC ASS tatetan Cots so Re SRNR ST ae <5 


SE Se ee Re ee 
INPUT MODE HIGH ACTIVATES — 


UART CE/LOAD, HBEN, LBEN 


INTERNAL se TERMINATES 
MODE NORM See DRQST UART MODE 
; Lemmy SENSED See SENSED 


ie eae 
: A A 
OE whe aoe cee eke ow 
ot aaa ee 
~— MODE LOW, NOT Rh an 
IN HANDSHAKE MODE ia 


HBEN 
ata DISABLES OUTPUTS GE/LOAD, BEN (BEN, OE 
MH BYTE CUS at -==--—-- 
SiGh DATA VAL — 
: \ 


oe (caravan }---|------ 
DATA DATA VALID 


-———$— = = THREE-STATE HIGH IMPEDANCE a oe Basis THREE-STATE WITH PULL-UP 


m 


Figure 5: TSC804 Handshake with DRQST Input Held Positive 


ZERO CROSSING OCCURS 
ZERO CROSSING DETECTED 


INTEGRATOR __ | 
OUTPUT 


INTERNAL 
CLOCK 


INTERNAL 
LATCH 


STATUS = 
OUTPUT 


INPUT NESSES 


UART : TERMINATES 


INTERNAL 
NORM RTM 
MODE DROST UA ODE 


SENSED 
DRQST INPUT 
(UART TBRE) 


HBEN 


HIGH BYTE 


DATA DATA VALID 


OE OUTPUT 
(UART TBRL) 


LBEN 


LOW BYTE 
DATA 


Figure 6: TSC804 Handshake— Typical UART Interface Timing 
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TSC804 ANALOG MULTIPLEXER 


The on-board analog multiplexer can be 
configured for eight channel, single-ended input or for 
four channel, differential input. The single/differential 
input (SIG/DIF) selects the configuration. The eight 
channel mode is selected when SIG/DIF (pin 4) is tied 
HIGH and the four channel mode is selected when 
SIG/DIF is tied LOW. Either mode of operation 
permits both latched and transparent addressing. 


Analog Multiplexer Truth Table 


savor we [wa [wat Tew Tae Ta [ms [comers [i 


TSC804 


ALOWon the reset input (RST) orwriting alow 
into the enable input (EN) opens all (4 or 8) channels 
which permits direct input through the dedicated ana- 
log inputs (V,,* and V,.). An external analog multi- 
plexer may be used instead of the internal multiplexer 
or in conjunction with it. (See "Analog Multiplexer 
Expansion"). 


VIN" VIN" 
no change 
no change 


X = don't care 
Notes: 


(1) Analog multiplexer disabled. V,y° and V,y are inputs to the A/D converter. 
(2) Analog channel address is latched. V|\" and Vy" are the outputs of the multiplexer as well as the inputs to the A/D converter. The 
multiplexer channel selection cannot be changed if either WE or WR is HIGH. 


Eight Channel Operation (SGL/DIF = 1) 


Each of the single-ended inputs is referenced to V;jy7~7 and must comply with the same common-mode 


input. 


3-bit address 
3-bit address 
3-bit address 


Converter Input 


CHN* 
CHN* 
CHN* 


N = 1 thru 8 (Ao, Aj, Ao) 


Four Channel Operation (SGL/DIF = 0) 


Bit 3 of the multiplexer address (A>) has no function when the four channel mode is selected. Each input 
is independently differential and may have different common-mode offsets. 


X = don’t care, N = 1 thru 4 (Apo, 


we [we [eer fe [a [a8 


‘ 
1 1 X 
A;) 


2-bit address CHN* CHN- 
2-bit address CHN* CHN- 
2-bit address CHN* CHN- 


Converter Input 
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ANALOG MULTIPLEXER ADDRESSING (all 


pin references are to PLCC package) 


‘Single-Ended/Difterential (SIG/DIF, pin 4) 


lf SIG/DIF is HIGH then the 8-channel, single- 
ended mode is selected. If SIG/DIF is LOW then the 
4-channel, differential mode is selected. 

The analog multiplexer has an internal ad- 
dress demultiplexer which is configured as either a "2 
of 8" for 4-channel operation or as a "1 of 8" for 8- 
channel operation. 


Write (WR, pin 6) 


The WR input may be held LOW in order to 
- employ transparent address operation. In transpar- 
ent operation, the multiplexer switches respond di- 
rectly to the inputs on the address lines (Ap: A,,A,) 
and Enable input (EN, pin 13). 

The “latched” mode is entered whenever WR 
goes HIGH. The inputs on the address lines have no 
effect on the multiplexer switches until WR is pulsed 
LOW. These address lines may now be used for 
another purpose. 


Write Enable (WE, pin 5) 


The WE input must be LOW inorder forthe WR > 


input to be enabled. The WE and WR inputs are 
AND'ed internally. 


Enable (EN, pin 13) 


The EN input is like an address input in that it 
may also be latched in by a LOW to HIGH transition 
on the WR input. 


Reset (RST, pin 7) 


The RST input overrides all other inputs to 
the analog multiplexer. All of the multiplexer switches 
are open whenever RST is LOW. 


ANALOG MULTIPLEXER EXPANSION. 


The analog multiplexer section of the TSC804 
may be expanded by using an external multiplexer 
either in conjunction with, or instead of, the internal 
multiplexer. 

The external multiplexer may be selected at 
any time when the internal multiplexer is disconnected: 


PRODUCT INFORMATION 


ALOW onthe RST input or writing a logic LOW into the 
enable bit (EN, WR, and WE are LOW) will disconnect 
the internal multiplexer output from the analog input to 


_ the TSC804 converter. 


If an external analog multiplexer is to be used 
alone then RST should be tied LOW. If an external 
analog multiplexer is to be used in conjunction with 
the on-board multiplexer, EN should be used to 
switch between multiplexers. 


ANALOG SECTION (all pin references are to 
PLCC package) 


The analog section of the TSC804 will perform 
conversions at a rate determined by the clock fre- 


- quency and the inputs to the Conversion Rate Selec- 


tion (bit 0, pin 7 and bit 1, pin 8). (See Conversion Rate 
table page 20). | 

Each measurement cycle is divided into four 
phases. They are: 1) Auto-Zero (AZ), 2) Signal 
Integrate (INT), 3) Reference Deintegrate (DE) and 4) 


Zero Integrate (Zl). 


1) Auto-Zero 


The Auto-Zero phase has a duration of from 
2048 to 6144 counts. During this phase, the analog 
input signal and reference voltage are disconnected 
from the analog section. The Auto-Zero capacitor | 
(C,z) is charged to a value which represents the total 
system offsets. The charge on Caz will then be used 
to compensate the input during the signal integrate 
(INT) and the reference deintegrate (DE) phases. 
. This phase is also used to charge the reference 
capacitor (Crer) to the value of the reference voltage. 


2) Signal Integrate | 
The Signal Integrate phase is selected for 


| 2048 counts (Integrate Count). During this phase, the 


analog input signal is connected to the input of the 
buffer amplifier. The integrating amplifier will charge 
the integrate capacitor (Ciy7) at a rate determined by 
the value of the input signal. 

At the end of the signal integrate phase, the 
voltage on CyyT7 will be equal to: 


Integrate Count < foLock 


Vint = Vin * (equ 1) 


Rint « Cint 
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3) Reference Deintegrate 


The length of the Reference Deintegrate 
phase is determined by the absolute value of the 
voltage on Cyy7 at the end of the Signal Integrate 
phase, (i.e. Vint). The reference capacitor (Cre) is 
connected to the input of the buffer amplifier in the 
opposite phase of the input signal. The integrating 
amplifier will then cause the integrate capacitor 
(Cint) to start discharging at a constant rate. This rate 
is determined by the value of the reference voltage. 
The 12-bit counter counts clock pulses during this 
phase and stops when Cx Is fully discharged (i.e. 
zero-crossing). 

The final count of the 12-bit counter is the 
binary value of the input signal and is equal to: 


V 
Deintegrate Count = —N! x Rint - Cint 


VREF 


(equ 2) 
fcLocK 


4) Zero integrate 


The Zero-Integrate phase is invoked only 
when an overrange has occurred. It has a duration of 
up to 1024 counts. This phase is used to completely 
discharge Caz and C;xy7 prior to the Auto-Zero phase. 
This insures that there is no residual charge on either 
capacitor which may cause a false auto-zero. 


Dual Slope Conversion Equation (combine equ 1 and 
equ 2) 


Deintegrate Count = 


x Integrate Count 
REF 


DETAILED DESCRIPTION 
Analog Section 


The Functional Diagram shows a block dia- 
gram of the Analog Section of the TSC804. The circuit 
will perform conversions at a rate determined by the 
clock frequency (8192 clock periods per cycle), when 
the RUN/HOLD input is left open or connected to V*. 
Each measurement cycle is divided into four phases 
as shown in Figure 8. They are: (1) Auto-Zero (AZ), (2) 
Signal Integrate (INT), (8) Reference Deintegrate 
(DE), and (4) Zero Integrator (ZI). 


Auto-Zero Phase (AZ) 


The buffer and the integrator inputs are 
disconnected from input high and input low and 
connected to analog common. The reference capacitor 
is charged to the reference voltage. A feedback loop is 
closed around the system to charge the auto-zero 
capacitor, Caz, to compensate for offset voltage in the 
buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the AZ accuracy is 
limited only by the noise of the system: The offset 
referred to the input is less than 10uV. 


Signal Integrate Phase (Sl) 


The buffer and integrator inputs are removed 
from COMMON and connected to input high and 
input low. The auto-zero loop is opened. The auto- 
zero Capacitor is placed in series in the loop to provide 
an equal and opposite compensating offset voltage. 
The differential voltage between input high and input 
low is integrated fora fixed time of 2048 clock periods. 
At the end of this phase, the polarity of the integrated 
signal is determined. If the input signal has no return 
to the converter power supply, input low can be tied to 
analog common to establish the correct common- 
mode voltage. | 


De-Integrate Phase (DI) 


Input high is connected across the previously 
charged reference capacitor and input low is internally 
connected to analog common. Circuitry within the 
chip ensures that the capacitor will be connected with 
the correct polarity to cause the integrator output to 
return to the zero crossing (established by AUTO- 
ZERO) with a fixed slope. The time, represented by 
the number of clock periods counted for the output to 
return to zero, is proportional to the input signal. 


Zero-Integrator Phase (ZI) 


The Zl phase only occurs when an input 
overrange condition exists. The function cf the ZI 
phase is to eliminate residual charge on the integrator 
capacitor after an overrange measurement. Unless 
removed, the residual charge will be transferred to the 
auto-zero capacitor and cause an error in the suc- 
ceeding conversion. 
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The ZI phase virtually eliminates hysterisis or 
“cross talk” in multiplexed systems. An overrange 
input on one channel will not cause an error.on the 
next channel measured. This feature is especially 
useful in thermocouple measurements, where unused 
(or broken thermocouple) inputs are pulled to the 
positive supply rail. , 

During ZI, the reference capacitor is charged 
to the reference voltage. The signal inputs are dis- 
connected from the buffer and integrator. The com- 
parator output is connected to the buffer input, 
causing the integrator output to be driven rapidly to 
OV (Figure 8). The ZI phase only occurs following an 
overrange and lasts for a maximum of 1024 clock 
periods. 


Differential Input 


The TSC804 has been optimized for operation 
with analog-common near digital ground. With +5V 
and -5V power supplies, a full --4V full-scale integrator 
swing maximizes the analog section’s performance. 

A typical CMRR of 86dB is achieved for input 
differential voltages anywhere within the typical 
common-mode range of 1.0 Volts below the positive 
supply to 1.5 Volts above the negative supply. However, 
for optimum performance the Vijy* and Vin~ inputs 
should not come within 2V of either supply rail. Since 


the integrator also swings with the common-mode | 


voltage, care must be exercised to assure the integrator 
does not saturate. A worst case condition is near a 
full-scale negative differential input voltage with a 
large positive common-mode voltage. The negative 
input signal drives the integrator positive when most 
of its swing has been used up by the positive 
common-mode voltage. In such cases, the integrator 
swing can be reduced to less than the recommended 
+4V full-scale value, with some loss of accuracy. The 


integrator output can swing to within 0.3 Volts of . 


either supply without loss of linearity. 


Differential Reference 


The reference voltage can be generated 
anywhere within the power supply voltage of the 
converter. Rollover voltage is the main source of 
common-mode error. It is caused by the reference 
capacitor losing or gaining charge due to stray 
capacity on its nodes. With a large common-mode 
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voltage, the reference capacitor can gain charge 


- (increase voltage) when called upon to de-integrate a 


positive signal and lose charge (decrease voltage) 
when called upon to de-integrate a negative input 
signal. This difference in reference for (+) or (-) input 
voltage will cause a roll-over error. This error can be 
held to less than 0.5 count worst case by using a large 
reference capacitor in comparison to the stray capa- 
citance. To minimize roll-over error from these above 
sources keep the reference common-mode voltage 
near or at analog common. 


Digital Section 


The digital section is shown in the block dia- 
gram, (Figure 9), and includes the clock oscillator and 
scaling circuit, a 12-bit binary counter with output 
latches and TTL-compatible three-state output drivers, 
UART handshake logic, polarity, overrange and con-. 
trol logic. 

Inputs driven from TTL gates should have 
3-5KQ pull-up resistors added for maximum noise 
immunity. For minimum power consumption, all inputs 
should swing from GND (low) to V* (high). 


STATUS Output 


During a conversion cycle, the STATUS out- 
put goes high at the beginning of Signal Integrate and 
goes low one-half clock period after new data from the 
conversion has been stored in the output latches. See 
Figure 8. The signal may be used as a "data valid" flag 
to drive interrupts, or for monitoring the status of the 
converter. (Data will not change while STATUS is low). 
Status is also output on Data Bit 8, when the TSC804 
is in direct mode (Mode = 0, LBEN = 1, HBEN = 0). 


MODE Input 


The output mode of the converter is controlled 
by the MODE Input. The conveter is in its “Direct” 
output mode, when the MODE pin is low or left open. 
The output data is directly accessible under the 
control of the chip and byte enable inputs (this inputis 
provided with a pull-down resistor to ensure a low 
level when the pin is left open). When the MODE input 
is pulsed high, the converter enters the UART hand- 
shake mode and outputs the data in two bytes, then 
returns to “direct” mode. When the MODE input is 
kept high, the converter will output data in the 
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handshake mode at the end of every conversion 
cycle. With MODE = O (Direct BUS Transfer) the 
DRQST input should be tied to V*. (See Handshake 
Mode Section). 


RUN/HOLD Input 


With RUN/HOLD high or open, the circuit 
operates normally as a dual slope A/D as shown in 
Figure 8. Conversion cycles operate continuously 
with the output latches updated after zero crossing In 
the de-integrate mode. An internal pull-up resistor is 
provided to insure a high level with an open input. 

The RUN/HOLD may be used to shorten 
conversion time. If the RUN/HOLD goes low at 
anytime after zero crossing in the de-integrate mode, 
the circuit will jump to auto-zero and eliminate that 
portion of time normally spent in de-integrate. 

If RUN/HOLD stays or goes low the conver- 
sion will complete with minimum time in de-integrate. 
It will stay in auto-zero for the minimum time and wait 
in auto-zero for a high in the RUN/HOLD input. As 
shown in Figure 10, the STATUS output will go high 
seven clock periods after RUN/HOLD is changed to 
high, and the converter will begin the integrate phase 
of the next conversion. 

The RUN/HOLD input allows controlled con- 
version interface. The converter may be held at idle in 
auto-zero with RUN/HOLD low. The conversion is 
started when RUN/HOLD goes high and the new data 
is valid when the STATUS output goes low (or is 
transferred to the UART—see Handshake Mode). 
RUN/HOLD may now go low, terminating deintegrate 
and ensuring a minimum auto-zero time before 
stopping to wait for the next conversion. Conversion 
time can be minimized by ensuring RUN/HOLD goes 


DEINT TERMINATED 
AT ZERO CROSSING 


TSC804 


low during deintegrate, after zero crossing, and goes 
high after the hold point is reached. The required 
activity on the RUN/HOLD input can be provided by 
connecting It to the Buffered Oscillator output. In this 
mode, the input value measured determines the 
conversion time. 


Signal Integrate Phase (SIP) Output 

The SIP output is high when the TSC804 is in 
the Signal Integrate phase of aconversion. SIP should 
be used to control multiplexer address changes. The 
falling edge of SIP indicates that the TSC804 has 
completed signal integration for the current conversion 
cycle, and that the analog input can be changed. 
Changing the multiplexer address on the falling edge of 
SIP will guarantee maximum analog input signal set- 
tling time before the next conversion. 


Oscillator 

The TSC804 is designed to operate with an 
internal crystal oscillator or with an external clock. The 
oscillator mode is selected with the INT/EXT input. A 
programmable divider permits control of the conver- 
sion rate, using hardware or software, over a range of 
8 to 1. 

For external oscillator operation, the INT/EXT 
input is connected to DGND. The external oscillator is 
connected to the OSC1 input, as shown in Figure 10. 
The oscillator signal should swing from DGND to V*. 
The ADC system clock frequency will be the oscillator 
frequency divided by the value selected by the fre- 
quency select divider. —_- 

Connecting INT/EXT to V+ enables the internal 
crystal oscillator. Two on-chip capacitors and a feed- 
back device are added to the oscillator, as shown in 


|,____ AUTOZERO INT 


DETECTION | RABE | STATIC IN na PHASE 
INTEGRATOR ! i dieterstade 
OUTPUT 


INTERNAL CLOCK LT “LAL LIL, SULA, SULLA, Su 


| he——— 7 COUNTS —-———*{ 


INTERNAL LATCH j | 
| aneenmenenmnemeetnaneeeteeremmmannmmmenene 
STATUS OUTPUT { | j 


RUN/HOLD INPUT 


Figure 7: TSC804 RUN/HOLD Operation 
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INTEGRATOR 
SATURATES 


| 

j ZERO INTEGRATOR 

| _ PHASE FORCES 
INTEGRATOR OUTPUT 
| 


NO ZERO CROSSING ——3™| TO OV 


INTEGRATOR 
OUTPUT FOR 
OVERRANGE 
INPUT 


DETECTED OCCURS 


ZERO CROSSING 


INTEGRATOR DETECTED 


OUTPUT FOR 


| 
| 
: POLARITY ZERO CROSSING 
| 
| 
NORMAL INPUT 


| 
| 
| 
| 
| 
[AZ PHASE 1 —- INT PHASE 1! >| DEINT PHASE Ii! i AZ >> | 


| 
2048 pole — FIXED 2048 4096 COUNTS | 
COUNTS | COUNTS B+ ia ee 


MIN. a | 
i) | A AFTER ZERO CROSSING, | 
NUMBER OF COUNTS TO ZERO CROSSING ANALOG SEC LON WILDL 


PROPORTIONAL TO Vin CONE TICN 


Figure 8: Conversion Timing (RUN/HOLD Pin High) 
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14 LATCHES ~ | 
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—— | 
COMP OUT’: . | 
Mine. oie CONVERSION CLOCK PROGRAMMABLE HANDSHAKE | 
SECTION | DEINT(+) CONTROL LOGIC OSCILLATOR DIVIDER 
DEINT(-) | 
Z| | 
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STATUS RUN/ OSCOOSCIINT/ FSO FS1 SYSCLK MODE  DRQST 
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Figure 9: Digital Section 
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Figure 11. Acrystalis thenconnected to the OSC1 and 
OSCO inputs. In this configuration, the oscillator will 
operate with most crystals in the 1 to 5 MHz range. 

The conversion rate is pin programmable, 
using the FSO and FS1 inputs. The frequency select 
divider will divide the oscillator frequency by 2, 4, 8, or 
16. The buffered ADC system clock is available at the 
SYSCLK output. Divider values can be hard-wired or 
jumper selected, or can be controlled by software via 
two bits of a uP output port. The divider truth table is 
shown in Figure 12. 


Test Input 


The counter and its outputs may be tested 
easily. When the TEST input is connected to DGND, 
the internal clock is disabled, and the counter outputs 
are all forced into the high state. When the input 
returns to the 1/2 (V* - DGND) voltage or to V* and 
one clock is input, the counter outputs will all be 
clocked to the low state. 

The counter output latches are enabled when 
the TEST input is taken to a level halfway between V* 
and DGND allowing the counter contents to be 
examined anytime. 


Component Value Selection 


The integrator output swing for full-scale 
should be as large as possible. For example, with +5V 
supplies and ANALOG COMMON connected to DGND, 
the nominal integrator output swing at full-scale is 
+4V. Since the integrator output can go to 0.3V from 
either supply without significantly effecting linearity, a 
4V integrator output swing allows 0.7V for variations 
in output swing due to component value and oscillator 
tolerances. With --5V supplies and a common-mode 
voltage range of +1V required, the component values 
should be selected to provide +8V integrator output 
swing. Noise and rollover errors will be slightly worse 
than in the +4V case. For large common-mode 
voltage ranges, the integrator output swing must be 
reduced further. This will increase both noise and 
rollover errors. To improve the performance, +6V 
supplies may be used. 


Integrating Capacitor 


The integrating capacitor Cjjzt should be 
selected to give the maximum integrator output 
voltage swing that will not saturate the integrator to 


TSC804 


“I TSC804 


SYS CLOCK 
O 


EXTERNAL 
OSCILLATOR INPUT 


SYS CLOCK 


Figure 11: TSC804 Crystal Oscillator 


within 0.3 volt from either supply. A +3.5 to +4 volt 
integrator output swing is nominal for the TSC804 
with +5 volt supplies and ANALOG COMMON con- 
nected to DGND. For 7% conversions per second 
(61.72KHz internal clock frequency) nominal values 
Cint and Caz are 0.15uF and 0.33uF, respectively. 
These values should be changed if different clock 
frequencies are used to maintain the integrator output 
voltage swing. The value of Cin is given by: 


(2048 x Clock Period) (20uA) 


C Th Pe eee eae a a le 
INT Integrator Output Voltage Swing (Vinz) 


Integrating Converter Features 


The output of Integrating A/D converters 
represents the integral or average of an input voltage 
over a fixed period of time. Compared with techniques 
in which the input is sampled and held, the integrating 
converter will average the effects of noise. A second 
important characteristic is that time is used to quantise 
the answer, resulting in extremely small non-linearity 
errors and no missing output codes. The integrating 
converter also has very good rejection of frequencies 
whose periods are an integral multiple of the measure- 
ment period. This feature can be used to advantage in 
reducing line frequency noise. (Figure 13). 
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Ce 
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mire 


0.1/T VT 10/T 


NORMAL MODE REJECTION (dB) 


INPUT FREQUENCY 


Figure 13: Normal Mode Rejection of Dual-Slope 
Figure 12: Recommended Component Values for Converter as a Function of Frequency. 
V,, = 409.6mV. (See Table Below). : 


Multiply Rint by =50 for Ves = 2.048V. 
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4 TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC850* 


16-BIT FAST INTEGRATING CMOS 
ANALOG-TO-DIGITAL CONVERTER 


FEATURES 


m 15-bit Resolution plus Sign Bit 
m= Up to 40 Conversions per Second, Typical 
— 12 Conv/sec Guaranteed 
m Integrating A/D Conversion Technique 
— Monotonic 
— High Noise Immunity 
— Auto-Zeroed Amplifiers Eliminate Offset 


Trimming 
m 96 dB Dynamic Range Plus 100zV Sensitivity 
Low Input Bias Current ................ 30pA 
m Low Input Noise ...................... 30uVp-p 
m Flexible Operational Control 


— Continuous or On-Demand Conversions 
— Data Valid Output 
m Bus Compatible, 3-State Data Outputs 
— 8-bit Data Bus 
— Simple uP Interface 
— Two Chip Enables 
— Read A/D Converter Result Like Memory 
m@ On-Chip Crystal Oscillator 
m +5V Power Supply Operation........ 20mW 


m 40-pin DIP or 44-pin PLCC Packages 


a-d 


CONTROL 
SEQUENCER 


CONT/ UH OVARY WR RD CS CE 
DEMAND POL 


* Patent Pending 1988 
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GENERAL DESCRIPTION 


The TSC850 is amonolithic CMOS ADC with - 


resolution of 15 bits plus sign. The TSC850 combines 
a chopper-stabilized buffer and integrator with a 
novel multislope integration technique to increase 
conversion speed. The result is a 16 times improvement 
in speed over previous 15 bit monolithic integrating 
ADCs, from 2.5 conversions per second to up to 40 
per sec. Faster conversion speed is especially welcome 
in systems which include a human interface, such as 
digital scales. | 

The TSC850 incorporates an A-D converter, 
uP compatible digital interface, and crystal oscillator 
on-chip. Only a voltage reference, crystal, and a few 
noncritical passive components are required to form 
a complete 15-bit plus sign A-D conversion system. 

CMOS processing provides the TSC850 with 
high impedance differential inputs. Input bias current 
is typically only 30pA, which permits direct interface 
to sensors. Input sensitivity of 100uV per LSB can 
eliminate the need for precision external amplifiers. 
The internal amplifiers are auto-zeroed, which guaran- 
tees a zero digital output with OV analog input. No 
zero adjustment pots or calibrations are. required. 


Pin Configuration | 


"~~ 


TSC850 
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~ The TSC850 outputs data on an 8 bit, 3-state 
bus. Digital inputs are CMOS compatible and outputs 
are TTL/CMOS compatible. Chip enable and byte 
select inputs and an end of conversion output ensure © 
easy interfacing to a wide variety of microprocessors. — 
Conversions can be performed continuously or on 
command. In the continuous mode, data is read as 
three consecutive bytes and no manipulation of 
address lines is required. | 
Operating from +5V supplies, the TSC850 
dissipates only 20mW. The part is packaged in 40 pin 
plastic or CerDIP dual inline packages, and ina 44 pin 
Plastic Leaded Chip Carrier (PLCC) surface mount 
package. . 


Ordering Information 


Temp. Range 


Part No. Package 
TSC850CLW 44-pin Plastic Leaded 0°C to +70°C 
Chip Carrier (PLCC) 
TSC850CPL 40-pin Plastic DIP 0°C to +70°C 
TSC850ILW 44-pin Plastic. Leaded -25°C to +85°C 
; Chip Carrier (PLCC) 
TSC850IJL 40-pin CerDIP_ 


-25°C to +85°C 


|6_] CONT/DEMAND 


TSC850CLW 
TSC850ILW 


NOTE: NC = NO INTERNAL CONNECTION 


15-BIT MONOLITHIC CMOS ADC 


TSC850 


Absolute Maximum Ratings 


Positive Supply Voltage (Vst to GND) ....... 6V Package Power Dissipation | 
Negative Supply Voltage (Vs- to GND) ..... -9V CerDIP Package .............. 1 Watt @ +85°C 
Analog Input Voltage (IN+ or IN-) .... Vst to Vs- Plastic DIP Package ........ 0.5 Watt @ +70°C 
Voltage Reference Input Plastic PLCC Package ...... 0.5 Watt @ +70°C 
(REF,+, REFy-, REFot) ............. Vst to Vs- Ambient Operating Temperature Range 
Logic Input Voltage ... Vgt+ + 0.3V to GND - 0.3V IJL, ILW Package ............. -25°C to +85°C 
Current Into Any Pin) ......... cece eee eee 10mA CLW, CPL Package ............. 0°C to +70°C 
While Operating ............. 00 cee wees 100uA Lead Soldering Temperature 
(IO“SECCNGS): ssc0sc3 sence 4s eer eutiosws +300°C 


Electrical Characteristics: Vs = +5V, fo., = 61.44kHz, Ves = 3.2768V, Ta = 25°C, Figure 1 Test Circuit 


SYM- TSC850 

BOL PARAMETER TEST CONDITIONS 2 MIN TYP MAX UNIT 
VZSE Zero-Scale Error Vin = OV +0.25 +0.5 LSB 
NL End Point Linearity Error Ves <= Vin < +Ves — rt +2 LSB 
DNL Differential Nonlinearity — +0.1 +0.5 LSB 


lin Input Leakage Current Vin = OV, Ta = 25°C 
O°C < Ta S +70°C 
-25°C < Ty, < +85°C 


pA 


VCMR Common Mode Voltage Over Operating 
Range Temperature Range 
CMRR Common Mode Rejection Vin = OV 
Ratio Vom = £1V 
Vestc Full-Scale Gain External Ref Temperature 
Temp Coefficient Coefficient = Oppm/°C 
0°C < Ta <= +70°C 
Vzstc Zero-Scale Error Vin = OV _ 0.3 2 LN/PC 
Temp Coefficient 0°C <= Ta S$ +70°C 
Vsve Full-Scale Magnitude Vin = 2£3.275V — 0.5 2 LSB 


Symmetry Error 


EN _ Input Noise Not Exceeded 95% of Time Vp-p 


Iot Positive Supply Current — 2 3.5 mA 
Ig- Negative Supply Current | — 2 3.5 mA 
VoH Output High Voltage lo = 500UA 3.5 4.9 — V 
VoL Output Low Voltage lo = 16mA — 0.15 0.4 V 
lop Output Leakage Current Pins 8-15 — 0.1 1 UA 
High Impedance State 
Vin Input High Voltage Note 3 3.5 2.3 — V 
VIL Input Low Voltage Note 3 _ 2.1 1 V 
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Electrical Characteristics (continued) 
Vs = +5V, fork = 61.44KHZ, Ves = 3.2768V, Tp = 25°C, Figure 1 Test Circuit 


SYM- | | 7 TSC850 
BOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Ipu Input Pin Pullup Current Pins 2, 3, 4, 6, 7 pA 
| Vin = OV . _ 
Ipp Input Pin Pulldown Pins 1&5 — 14 — LA 
Current Vin = 5V 
losc Oscillator Output Current Pin 18 — 140 — MA 
Vout = 2.5V — | 
Cin Input Capacitance Pins 1-7, 17 | — 1 — pF 
Cout Output Capacitance Pins 8-15, High — 15 — pF 
| , | Impedance State 
tcE Chip Enable Access Time CS or CE — 230 450 ns 
ae: RD = low; Note 1 | 
tre Read Enable Access Time _CS = high, CE = low - 190 450 ns 
Note 1 . 
tpyc —-— Data Hold from CS or CE — RD = low — 250 450 ns 
| Note 1 | | | | 
tpuR ._- Data Hold from RD CS = high, CE = low — 210 450 | ns 
| | : Note 1 
top OVR/POL Data CS = high, CE = low, = 140 300 ns 
-Access Time RD = low, Note 1 
tly Low/High Byte CS = high, CE = low, — 140 300 ns 
Access Time RD = low, Note 1 © | | 
twee RD Minimum Pulse Width CS = high, CE = low 450 230 ee ns 
Note 2 | | 
twap § RD Minimum Delay Time — CS = high, CE = low 150. ~=—-50 = ns 
Note 2 | | 
twwa WR Minimum Pulse Width —_CS = high, CE = low 75 25 — ns 
: Demand Mode : 
Notes 


1. Demand mode, CONT/DEMAND = low. Figure 10 timing diagram. C, = 100pF. 

2. Continuous mode, CONT/DEMAND = high. Figure 12 timing diagram. 

3. Digital inputs have CMOS logic levels and internal pullup/pulldown resistors. For TTL compatibility, external pullup resistors to Voc are 
recommended. 
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Pin Descriptions 


40-pin DIP 
Pin No. 


1 


Symbol 
CS 


CONT/DEMAND 


OVR/POL 


L/H 


DB7 


DB6-DBO 
BUSY 


OSC1 
OSC2 
TEST 
DGND 
COMP 
Vee 

INT out 
INTin 
BUFFER 


CeaurB 


CBuFA 


TSC850 


Description 


Chip Select, active high. Logically ANDed with CE to enable the Read and 
Write inputs. See note 5. 


Chip Enable, active low. See note 6. 


Write input, active low. When the chip is selected (CS = high and CE = low) 
and in demand mode (CONT/DEMAND = low), a logic low on WR will start a 
conversion. See note 6. 


Read input, active low. When CS = high and CE = low, a logic low on RD will 
enable the 3-State data outputs. See note 6. 


Conversion control input. When CONT/DEMAND = low, the TSC850 
conversions are initiated by the WR input. When CONT/DEMAND = high, 
the TSC850 will perform conversions continuously. See note 5. 


Overrange/Polarity data select input. When making conversions in the 
demand mode (CONT/DEMAND = low), OVR/POL controls the data which 
is output on output B7 when the High order byte is active. 

(See text and note 6). 


Low /High byte select input. When CONT/DEMAND = low, this input 
controls whether low byte or high byte data is enabled on outputs DBO 
through DB7. See note 6. 


Most significant data bit output. When reading the A/D conversion result, 
the Polarity, Overrange, and DB7 data are output on this pin. See text. 


Data outputs DB6-DBO. 3-State, bus compatible. 


A/D conversion status output. BUSY goes to a logic high at the beginning of 
the deintegrate phase and goes low when the conversion is complete. The 
falling edge of BUSY can be used to generate a wP interrupt. 


Crystal oscillator connection or external oscillator input. 

Crystal oscillator connection. 

For factory testing purposes only. Make no external connection to this pin. 
Digital ground connection. 

Connection for comparator auto-zero capacitor. Bypass to Vs-— with 0.1yF. 
Negative power supply connection. Typically -5.0V. 

Output of the Integrator amplifier. Connect to Cyr. 

Input to the Integrator amplifier. Connect to summing node of Riyt and Cyr. 
Output of the input Buffer. Connect to Rint. 

Connection for Buffer auto-zero capacitor. Bypass to Vsg- with O1pF. 


Connection for Buffer auto-zero capacitor. Bypass to Vs- with 0.1uF. 
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_ PRODUCT INFORMATION 


5. This pin incorporates a pulldown resistor to DGND. 
6. This pin incorporates a pullup resistor to Vogt. 


GENERAL THEORY OF OPERATION 


The TSC850 is a multiple slope, integrating 
analog to digital converter. The multiple slope con- 
version process, combined with chopper-stabilized 
amplifiers, results.in a significant increase in A/D 
conversion speed while maintaining very high reso- 
lution and accuracy. - 


Dual Slope Conversion Principles 


The conventional dual slope converter 
measurement cycle, shown in Figure 2A, has two 
distinct phases: 


m Input Signal Integration | , 
m Reference Voltage Integration (Deintegration) 


_ The input signal being converted is inte- 
grated for a fixed time period. Time is measured by 
counting clock pulses. An opposite polarity constant 
reference voltage is then integrated until the inte- 
grator output voltage returns to zero. The reference 
integration time is directly proportional to the input 
signal. s ¢ 


40-pin DIP 

Pin No. Symbol Description 

28 i CINTA Connection for Integrator auto-zero Capacitor. Bypass to Vs- with 0.1yF. 
29 CINTB Connection for Integrator auto-zero capacitor. Bypass to Vs- with 0.1yF. 
30 COM Analog common. 7 | 

31. INE Negative differential analog input. 

32 | IN+ Positive differential analog input. 

33 ~ REFot+ Input for reference voltage Vrero. 

34 Crerot Positive connection for the Vaere reference capacitor. 

35 7 Crefo- Negative connection for the Vrere reference capacitor. 

36 REF,- ' Negative input for the primary A/D converter reference voltage, Vpery. 
37 Creri- Negative connection for the Vparr1 reference capacitor. 

38 Crerit Positive connection for the VrReF; reference capacitor. 

39 REF,+ Positive input for REF}. 

40 | Vst | Positive power supply connection. Typically +5.0V. 

Notes: 


In asimple dual slope converter a complete 
conversion requires the integrator output to “ramp- 
up” and “ramp-down.” Most dual slope converters 
add a third phase (the “auto-zero” phase). During 
auto-zero the offset voltages of the input buffer, 
integrator, and comparator are nulled, thereby eli- 
minating the need for zero-offset adjustments. 

The dual slope converter accuracy is unre- 
lated to the integrating resistor and capacitor values 
as long as they are stable during a measurement 
cycle. By converting the unknown analog input 
voltage into an easily measured function of time, the 
dual slope converter reduces the need for expensive 


precision passive components. 


_ An inherent benefit of the integrating con- 
version method is noise immunity. Noise spikes are 
integrated or averaged to zero during the integration 
periods. Integrating ADCs are immune to the large 
conversion errors that plague successive approxi- 


~ mation converters in high noise environments. 


A simple mathematical equation relates the 
input signal, reference voltage and integration time: 
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V,+ DGND V,- 


BUSY 


® +1.6384 V 
9 +.0256 V 


“1.0uF 


"1.0uF 


25 120 kQ 


“*100 pF 61.44 
(kHz 


NO 
7100 pF NOTES: CONNECTION 


UNLESS OTHERWISE 

SPECIFIED, ALL 0.1pF 

CAPACITORS ARE 

FILM DIELECTRIC. 

CERAMIC CAPACITORS 

ARE NOT RECOMMENDED. 

*“ POLYPROPYLENE 
CAPACITOR 

**MICA CAPACITOR 


Figure 1. Standard Circuit Configuration 


1 Sl Vr Try 
— |. Vin(t) dt = ——— 
RC |, in(t) RG 
where: Vy = Reference Voltage 
Ts; = Signal Integration Time (Fixed) 
Tr, = Reference Voltage Integration Time 
(Variable) 


SIGNAL INTEGRATE 
REFERENCE DEINTEGRATE 
ow, END OF CONVERSION 


AUTO a 
ZERO 
INTEGRATOR OV 


OUTPUT 


time ————_—_> 


Figure 2A. Dual Slope A-D Conversion Cycle 


TSC850 


SIGNAL INTEGRATE 


"FAST" REFERENCE DEINTEGRATE 
(9 BIT RESOLUTION) 


[eens REFERENCE DEINTEGRATE 


(6 BIT RESOLUTION) 
va OF CONVERSION 


AUTO 


R 
INTEGRATOR casi. 
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Figure 2B. TSC850 “Fast/Slow” Reference 
Deintegrate Cycle 


Multiple Slope Conversion Principles 


One limitation of the dual slope measurement 
technique is Conversion speed. Ina typical dual slope 
method the auto-zero and integrate times are each 4 
of the deintegrate time. For a 15 bit conversion, 214 + 
214 + 215 (65,536) clock pulses are required for 
autozero, integrate, and deintegrate phases, respec- 
tively. The large number of clock cycles effectively 
limits the conversion rate to about 2.5 conversions per 
second when a typical analog CMOS fabrication 
process is used. 

The TSC850 uses a multiple slope conversion 
technique to increase conversion speed (Figure 2B). 
This technique makes use of a two-slope deintegration 
phase and permits 15 bit resolution at up to 40 
conversions per second. 

During the TSC850’s deintegration phase, 
the integration capacitor is rapidly discharged to yield 
a resolution of 9 bits. At this point, some charge will 
still remain on the capacitor. The remaining charge is 
then slowly deintegrated, producing an additional 6 
bits of resolution. The result is that 15 bits of resolution 
are achieved with only 29 + 26 (512 + 64, or 576) clock 
pulses for deintegration. A complete TSC850 conver- 
sion cycle occupies only 1280 clock pulses. 

In order to generate the “fast-slow” integration 
phases, two voltage references are required. The 
primary reference, Vperi, is set to one-half of the 
full-scale voltage (typically Vaery = 1.6384V, and Ves = 
3.2768V). The secondary voltage reference, Vrero, is 
set to Varr 1/64 (typically 25.6mV). To maintain 15-bit 
linearity, a tolerance of 0.1% for Vperos is suggested. 
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TSC850 ANALOG SECTION DESCRIPTION 


The TSC850 analog section consists of an 
input buffer amplifier, integrator amplifier, comparator, 
and analog switches. A simplified block diagram is 
shown in Figure 3.° 


Conversion Timing 


Each TSC850 conversion consists of three 
phases: (1) Zero Integrator, (2) Signal Integrate, and 
(3) Reference Integrate. Each conversion cycle re- 
quires 1280 internal clock cycles (Figure 4). 


Zero Integrator Phase 


During the Zero Integrator cycle, the differ- 


ential input signal is disconnected from the circuit by 
opening internal analog gates. The internal nodes are 
shorted to analog common (ground) to establish a 
zero input condition. At the same time, a feedback 
loop is closed around the input buffer, integrator, and 
comparator. The feedback loop ensures that the 
integrator output is near zero volts before the signe! 
integrate phase begins. 

During this. phase, a chopper stabilization 


technique is used to cancel offset errors in the input. 


buffer, integrator, and comparator. Error voltages are 
stored on the Caurr, Cint, and COMP autozero 
capacitors. The Zero Integrator phase requires 246 
clock cycles. 


Signal Integrate Phase 


The Zero Integrator loop is opened and the 
internal differential inputs are connected to IN+ and 
IN-. The differential input signal is integrated for a 
fixed time period. The TSC850 signal integrate period 
‘is 256 clock periods or counts. The crystal oscillator 
frequency is divided by four before clocking the 
internal counters. The integration time period is: 


Tot = 7 4 x 256 
C 


Reference Integrate Phase 


The third phase is: reference integrate (or 
deintegrate). During this phase, the charge stored on 
the integrator capacitor is discharged. The amount of 
time required to discharge the capacitor | is proportional 
to the analog input voltage. 


PRODUCT INFORMATION 


The reference integrate phase is itself divided 
into three subphases: (1) fast , (2) slow , and (3) 
overrange deintegrate. During fast deintegrate, Viy- 
is internally connected to analog common and V)j\\+ is 
connected across the previously charged reference 
capacitor Crer;. The integrator capacitor is rapidly 
discharged for a maximum of 512 internal clock 
pulses, yielding 9 bits of resolution. 

The next phase is slow deintegrate. The 
internal Vjy+ node is now connected to the Crgro 
Capacitor, and the residual charge on the integrator 
capacitor is further discharged for a maximum of 64 
clock pulses. At this point, the analog input voltage 
has been converted with 15 bits of resolution. 

If the analog input is greater than full scale, 
the TSC850 will perform up to three overrange 


- deintegrate subphases. Each subphase will occupy a 


maximum of 64 clock pulses. The overrange feature 
permits analog inputs of up to 192 LSBs greater than 
full scale to be correctly converted. This. feature 
permits the user to digitally null up to 192 counts of 


_input offset while retaining full 15-bit resolution. 


In addition to 512 counts of fast, 64 counts of 
slow, and 192:counts of overrange deintegrate, the 
Reference Integrate phase uses 10 clock pulses to 
permit internal nodes to settle. The Reference Integrate 
cycle therefore occupies 778 clock pulses. 


PIN DESCRIPTION 


Differential Inputs 


The analog signal to be measured is applied 
atthe IN+ and IN- inputs. The differential input voltage 
must be within the common-mode range of the 
converter. The input common-mode range extends 
from Vsgt:- 1.5V to Vg- + 1.5V. Within this common- 
mode voltage range an 86dB CMRR is typical. | 

The integrator outputalso follows the common- 
mode voltage. The integrator output must not be 
allowed to saturate. A worst case condition exists, for 
example, when a large positive common-mode voltage 
with a near full scale negative differential input 
voltage is applied. The negative input signal drives the 
integrator positive when most of its available swing 
has been used up by the positive common-mode 
voltage. For applications where maximum common- 
mode range is critical the integrator swing can be 
reduced. The integrator output can swing within 0.4V 
of either supply without loss of linearity. 
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Figure 3. TSC850 Analog Section, Simplified Schematic 
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Figure 4. TSC850 Conversion Timing 


CONVERSION 
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Differential Reference 


The TSC850 requires two reference voltage 
sources in order to generate the “fast-slow” deintegrate 
phases. The main voltage reference, Varri, is applied 
between the Vreryt+ and Vr_ery— pins. The secondary 
reference, Vrero, is applied between the Vrerot+ and 
Vreri— pins. 

The reference voltage inputs are fully differ- 
ential, and the reference voltage can be generated 
anywhere within the power supply voltage of the 
converter. However, to minimize roll-over error, 
especially at high conversion rates, keep the reference 


common-mode voltage (i.e. Vaeri—) near or at the 
analog common potential. Ail voltage reference inputs 
are high impedance. Average reference input current 
is typically only 30pA. 


Analog Common 


Analog common is used as the IN- return 
during the system-zero and deintegrate phases of 
each conversion. If IN- is at a different potential than 
analog common, a common-mode voltage exists in 
the system. This signal is rejected by the 86dB CMRR 
of the converter. However, in most applications IN- 
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will be set at a fixed known voltage (power supply 
common, for instance). In this case, analog common 
should be tied to the same point so that the common- 
mode voltage is eliminated. 


Digital Section Description 


The TSC850 digital section consists of two © 


sets of conversion.counters, control and sequencing 


logic, clock oscillator and divider, data latches andan — 


8-bit, 3-state interface bus. A simplified schematic of 
the bus interface logic is shown in Figure 5. 


Clock Oscillator 


The TSC850 includes a crystal oscillator 
on-chip. All that is required is to connect a crystal 
-across the OSC1 and OSC2 pins, and to add two 
inexpensive capacitors (Figure 1). The oscillator 
Output is divided by four prior to clocking the a-d 
internal counters. For example, a 100kKHz crystal will 
produce a system clock frequency of 25kHz. Since 
each conversion requires 1280 clock periods, in this 
case the conversion rate will be 25,000/1280 or 19.5 
conversions per second. 

If desired, an external clock can also be used. 


In this: case the OSC1 pin is used as the external — 


oscillator input and OSC2 is left unconnected. The 
external clock driver should swing from digital ground 
to Vst. The divide by four function is active for both 
external clock and crystal oscillator operation. 


3-STATE 
BUFFER 8 2-INPUT 
DB0-DB7 


OUTPUT MUX 
ENABLE SELECT 


POL/OVR 


wa 
CONT/ 
DEMAND 


OCTAL | 


START MUX 
CONVERSION 


PRODUCT INFORMATION 


TSC850 Digital Operating Modes 


Two modes of operation are available with the 
TSC850, continuous conversions and on-demand. 
The operating mode is controlled by the CONT/ 


DEMAND input. The bus interface method is different 


for continuous and demand modes of operation. 


Demand Mode Operation 


When CONT/DEMAND is low, the TSC850 
will perform one conversion each time the chip is 
selected and the WR input is pulsed low. Data is valid 
on the falling edge of the BUSY output, and can be 
accessed using the interface Truth Table (Table 1). 


Continuous Mode Operation 


When CONT/DEMAND is high, the TSC850 
will perform conversions continuously. Data will be 
valid on the falling edge of the BUSY output, and will 
remain valid for 4431 clock cycles. | 

. The Low/High byte select and Overrange/ 
Polarity bit select inputs are disabled during conti- 
nuous mode operation. Data must be read in three 
consecutive bytes, as shown in Table 1. 


Note: In continuous mode, the conversion result must be read 
within 443% clock cycles of the BUSY output falling edge. After 
this time (i.e. % clock cycle before BUSY goes high) the internal 


’counters are reset and the data is lost. 


LOW BYTE 
UP/DOWN 
COUNTER 


HIGH BYTE 
UP/DOWN 
COUNTER 


_ 
POLARITY 


2-INPUT 


ee 
EoRVERSION 


Figure 5. TSC850 Bus Interface—Simplified Schematic 
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Table 1: TSC850 Bus Interface Truth Table 


CE-CS RD  CONT/DEMAND L/H~ OVR/POL DB7 DB6 - DBO 
Pins 1&2 Pin4 Pin 5 Pin 7 Pin 6 Pin 8 Pin 9 - Pin 15 (Note 1) 
0 0) 0 0 0 “1” = Input Positive Data Bits 14-8 
0 0 0 0 1 “1” = Input Overrange Data Bits 14-8 
Note 2 
0 0 0 1 X Data Bit 7 Data Bits 6-0 
0 X X Note 3 
0 1 X X X High Impedance State 
1 X X X X High Impedance State 
Notes: 


1. Pin numbers refer to 40 pin DIP package. 

2. Extended Overrange operation: 
Although rated at 15 bits (432,767 counts) of resolution, the TSC850 provides an additional 191 counts above “full-scale”. For 
example, with a full-scale input of 3.2768V the maximum analog input voltage which will be properly converted is 3.2958V. The 
extended resolution is signified by the Overrange bit being high and the low order byte contents being between 0 and 190. For 
example, with a full-scale voltage of 3.2768V: 


Vin Overrange bit Low byte Data Bits 14-8 
3.2767V low 25549 12746 

3.2768V high 00049 019 

3.2769V high 00149 049 

3.2867V high 0994 019 


3. Continuous mode data transfer: 
A. In continuous mode, data MUST be read in three sequential bytes after the BUSY output goes low: 
1. The first byte read will be the high order byte, with DB7 = polarity. 
2. The second byte read will contain the low-order byte. 
3. The third byte read will again be the high-order byte, but with DB7 = overrange. 
B. All three data bytes must be read within 443% clock cycles after the falling edge of BUSY. 
C. The RD input must go high after each byte is read, so that the internal byte counter will be incremented. However, the CS and CE 
inputs can remain enabled through the entire data transfer sequence. 


PIN DESCRIPTION Read Enable Input (RD) 


Chip Select and Chip Enable (CS and CE) The read input, combined with CS and CE, 
enables the 3-state data bus outputs. Also, when the 
TSC850 is in continuous mode the rising edge of the 
RD input activates an internal byte counter to sequen- 
tially read the three data bytes. 


Low/High Byte Select (L/H) 


Write Enable Input (WR) , The L/H input determines whether the low 
The write input is used to initiatea conversion, (least significant) byte or high (most significant) byte 


when the TSC850 is in the demand mode. CS and GE of data is placed on the 3-state data bus. This input is 
must be active for the WR input tobe recognized. The — Mly meaningful when the TSC850 is in the demand 
status of the data bus is meaningless during the WR ‘Ode. In the continuous mode data must be read in 
pulse, because no data is actually written into the three predetermined bytes, so the L/H input is ignored. 


TSC850. 


The CS and CE inputs permit teasy interfacing 
toa variety of digital bus systems. CE is active low 
while CS is active high. These inputs are logically 
ANDed internally and are Usee to enable the RD and 
WR inputs. 
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Overrange/Polarity bit select (OVR/POL) 


The TSC850 provides 15 bits of resolution, 
plus polarity and overrange bits. Thus 17 bits of 
information must be transferred on an 8-bit data bus. 
To accomplish this, the overrange and polarity bits are 
multiplexed onto data bit B7 of the most significant 
byte. When OVR/POL is high, B7 of the high byte will 
contain the overrange status (high = analog input 
overrange, low = input within full scale). 
OVR/POL is low, B7 will be high for positive analog 
input polarity and low for negative polarity. The 
OVR/POL inputis only meaningful when CS, CE, and 
RD are active, and L/H is low (i.e. the most significant 
byte is selected). Also, OVR/POL is ignored when the 
TSC850 is in continuous mode. 


Continuous/Demand Mode Input 
(CONT/DEMAND) 


This input controls the TSC850 operating 
mode. When CONT/DEMAND is high, the TSC850 
will perform conversions continuously. In continuous 
mode, data must be read in the prescribed sequence 
shown in Table 1. Also, all three data bytes must be 
read within 44314 internal clock cycles after the BUSY 
output goes low. After 443% clock cycles the data will 
be lost. | 

When CONT/DEMAND is low, the TSC850 
will begin a conversion each time that CS and 
CE are active and the WR input is. pulsed low. The 
conversion will be complete and data can be read 
after the falling edge of the BUSY output. In demand 
mode, data can be read in any sequence, and data will 
remain valid until the WR input is again puees low. 


Busy Output (BUSY) 


The BUSY output is used to convey an end- 
of-conversion to external logic. BUSY goes high at 
the beginning of the deintegrate phase, and goes low 
at the end of the conversion cycle. Data is valid on the 
falling edge of BUSY. The output high period is fixed 
at 836 clock periods, regardless of the analog input 
value. BUSY is active during both continuous and 
demand mode operation. 


The BUSY output can be used to generatean — 


end-of-conversion interrupt in ~uP-based. systems. 
Non-interrupt-driven systems can poll BUSY to de- 
termine when data is valid. 


When 


PRODUCT INFORMATION 


ANALOG SECTION APPLICATIONS 
INFORMATION 


Component selection 


Reference Voltage 


The typical value for reference voltage Vrer; 
is 1.6384V. This value will yield a full-scale voltage of 
3.2768V and resolution of 100uV per step. The Vrero 
value is derived by dividing Vrrer; by 64. Thus, the 
typical Vrere value is 1.6384V/64, or 25.6mV. The 
Vref value should be adjusted within +0.1% to 
maintain 15-bit accuracy for the total conversion 
process. 

The reference voltage is not limited to exactly 
1.6384V, however, because the TSC850 performs a 
ratiometric conversion. Therefore, the conversion 
result will be: 


2 
Digital counts = —!N— + 16384 
Ve : 


EF1 

The full-scale voltage can range from 3.2V to 
3.5V. Full-scale voltages of less than 3.2V will result in 
increased noise in the least significant bits, while a 
full-scale above 3.5V will exceed the input common- 
mode range. 


Integration Resistor 


The TSC850 buffer will supply 25yA of inte- 
grator charging current with minimal linearity error. 
Rint is easily calculated: 


_ VFULL SCALE 


R 
INT = 25 UA 


For a full-scale voltage of 3.2768V, values of 
Rint between 120kQand 150kQ are acceptable. 


Integration Capacitor 


The integration capacitor should be Sieckad 
to produce an integrator swing of 4.0V to 4.3V at full- 
scale. The capacitor value is easily calculated: 


_4 
Veutuscate * 206 * =, 
R,.- * 4V 


INT 


Where forystac is the crystal or external oscillator 
frequency. 
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The integration capacitor should be selected 
for low dielectric absorption to prevent roll-over 
errors. A polypropylene or polycarbonate dielectric 
capacitor is recommended. 


Reference Capacitors 


The reference capacitors require alow leakage 
dielectric such as polypropylene or polycarbonate. A 
value of 1.0uF is recommended for operation over the 
temperature range. If high temperature operation is 
not required, the Cper values can be reduced. 


Autozero Capacitors 


Five capacitors are required to autozero the 
input buffer, integrator amplifier, and comparator. 
O.1pF film dielectric (Such as Mylar (TM) or polypro- 
pylene) capacitors are recommended. Ceramic capa- 
citors are not recommended. 


DIGITAL SECTION APPLICATION 
INFORMATION 


Oscillator 


The TSC850 typically operates with a crystal 
oscillator. The crystal selected should be designed for 
a Pierce oscillator, such as an AT-cut quartz crystal. 
The crystal oscillator schematic is shown in Figure 6. 

The TSC850 clock can also be derived from 
an external source, such as a microprocessor clock. If 
an external clock is used, the clock should be input on 
the OSC1 pin and no connection should be made to 
the OSC2 pin. The external clock should swing 
between DGND and Vst+. 

Since the oscillator frequency is divided inter- 
nally by four and each conversion requires 1280 
internal clock cycles, the conversion rate will be: 


; _ _fosc 
Conversion rate 4 1280 

One important advantage of the integrating 
a-d converter is the ability to reject periodic noise. 
This feature is most often used to reject line frequency 
(50Hz or 60HZ) noise. Noise rejection is accomplished 
by selecting the integration period equal to one or 
more line frequency cycles. The desired clock fre- 
quency is selected as foliows: 


fose = fnoise * 4 * 256 


TSC850 


where fnoise is the noise frequency to be rejected, 4 
represents the clock divider, and 256 is the number of 
integrate cycles. 


For example, 60Hz noise will be rejected with 
a clock frequency of 61.44kHz, giving a conversion 
rate of 61440/1280 or 12 conv/sec. Integer submultiples 
of 61.44kHz (such as 30.72kHz, etc) will also reject 
60HZ noise. For 50Hz noise rejection, a 51.2kHz 
frequency is recommended. 

If noise rejection is not important, other clock 
frequencies can be used. The TSC850 will typically 
operate at conversion rates ranging from 3 to 40 
conv/second, corresponding to oscillator frequencies 
from 15.36kKHz to 204.8kHz. 


yA 


TSC850 


SYSTEM 
CLOCK 


Figure 6. Oscillator Schematic 


Data Bus Interfacing 


The TSC850 provides an easy and flexible 
digital interface. A three-state data bus and 6 control 
inputs permit the TSC850 to be treated as a memory 
device in most applications. The conversion result 
can be accessed either over an 8-bit bus or via a 
microprocessor I/O port. 

A typical uP bus interface for the TSC850 is 
shown in Figure 7. In this example, the TSC850 
operates in the demand mode and a conversion 
begins when a write operation is performed to any 
decoded address space. The BUSY output interrupts 
the uP at the end-of-conversion. 

The a-d conversion result is read as three 
memory bytes. The two least-significant bits of the 
address bus select high/low byte and overrange/ 
polarity bit data, while high-order address lines enable 
the CE input. 
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Figure 8 shows a typical interface to a uP-.1/O 
port or single-chip uC. The TSC850 operates in the 
continuous mode, and can either interrupt the wC/uP 
or be polled with an input pin. 


Since the PAO-PA7 inputs are dedicated to | 


reading a-d data, the a-d CS/CE inputs can be 


enabled continuously. In the TSC850’s continuous - 


mode, data must be read in three bytes as shown in 


Table 1. The required RD pulses are provided by a. 


UC/uP output pin. : 

The circuit of Figure 8 can also operate in the 
demand mode, with the start-conversion strobe gener- 
ated by a uC/yP output pin. In this case, the TSC850 
L/H and CONT/DEMAND inputs can be controlled by 
I/O pins and the RD input connected to digital 
ground. 


Demand Mode Interface Timing 


When the CONT/DEMAND input is low, the 
TSC850 will perform a conversion each time that CE 
and CS are active and the WR input is strobed low. 

The demand mode conversion timing is shown 
in Figure 9. The BUSY output goes low and data is 
valid 1155 clock pulses after WR goes low. After BUSY 
goes low, 125 additional clock cycles are required 
before the next conversion cycle will begin. _ 

Once the conversion is started, the WR input 
is ignored for 1100 internal clock cycles. After 1100 
clock cycles, another WR pulse will be recognized 
and will initiate a new conversion when the present 
conversion is complete. A negative edge on the WR 
input is required to begin a conversion. If WR is held 
low, conversions will not occur continuously. 

The.a-d conversion data is valid on the falling 
edge of BUSY, and will remain valid until one-half 


internal clock cycle before BUSY goes high on the’ 
succeeding conversion. The BUSY output can be 


monitored with an I/O pin to determine the end of 
conversion, or used to generate a yP interrupt. 

in demand mode, the three data bytes can be 
read in any desired order. The TSC850 can simply. be 
regarded as three bytes of memory, and accessed 
accordingly. The bus output timing is shown in Figure 
10. : . 
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Continuous Mode Interface Timing 


When the CONT/DEMAND input is high, the 
TSC850 will perform conversions continuously. Data 
will be valid on the falling edge of the BUSY output, 
and all three bytes must be read within 443% internal 
clock cycles of BUSY going low. The timing diagram 
is shown. in Figure 11. a 

In continuous mode, the OVR/POL and Low/ 
High byte select inputs are ignored. The TSC850 will 
automatically cycle through three data bytes, as 
shown in Table 1.Bus output timing in the continuous 
mode is shown in Figure 12. 
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Figure 8. Interface to Typical uP I/O Port or Single- _ 
Chip uC 
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Figure 10. TSC850 Output Bus Timing, Demand Mode 
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DB0-DB7 DATA MEANINGLESS DATA VALID MEANINGLESS 


Figure 11. TSC850 Conversion Timing, Continuous Mode 


- CONT/ 
DEMAND 


| | - DATA BITS 8-14 V _ DATA BITS 8-14 VHIGH IMPEDANCE | 

-DBO-DB? HI-Z POLARITY DATABITS0-7 \ OVvERRANGE STATE 

NOTE: CS=HIGH — 
CE = LOW 


Figure 12. TSC850 Timing, Continuous Mode 
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OSC SEL 24 
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FEATURES 


12-Bit Plus Sign Integrating A/D Converter with 
Overrange Indication 

Sign Magnitude Coding Format 

True Differential Signal Input and Differential Refer- 
ence Input 

Low Noise — Typically 15 uVp_p 

High Normal Mode Noise and Line Frequency 
Rejection 

1 pA Typical Input Current 

No Zero Adjustment 

TTL Compatible Byte Organized Tri-State Outputs 
UART Handshake Mode for Simple Serial Data 
Transmission 

Direct Bus Connection for 8 or 16-Bit Bus — 3.58 MHz 
Crystal Provides 7.5 Conversions Per Second for 60 
Hz Rejection — External RC Network Provides up to 
30 Conversions Per Second 

Power Dissipation Typically Less Than 20 mW 
Internal Voltage Reference 


DIFFERENTIAL 
REFERENCE 


O+ 

O INPUT HIGH 
O INPUT LOW 
O GND 


GND 24K2 


3.5795 MHz = 
| oe | int = 20KQ FOR 0.2V REF 
Pe EBNSTAL = 200KQ FOR 2.0V REF 


TSC/109 


GENERAL DESCRIPTION 
The TSC7109 is a 12-bit plus sign CMOS low 


power A/D Converter. The single CMOS IC contains all » 


the necessary active devices to interface with micro- 
processors. | 
In direct mode, Chip Select and High/Low 

Byte Enables control parallel bus interface. In the 
handshake mode the TSC7109 will operate with industry 
standard UART’s in controlling serial data transmission, 
ideal for remote data logging. Control and monitoring 
of conversion timing is provided by the RUN/HOLD 
and STATUS outputs. The TSC7109 requires only the 
addition of eight passive components plus a crystal to 
operate as a dual slope integrating A/D converter. The 
TSC7109 has features that make it an attractive per- 
channel alternative to analog multiplexing for many 
data acquisition applications. These features include 
typical input bias current of 1 pA, drift of less than 
1 wV/°C, input noise typically 15 uVp_p, and auto-zero. 
True differential input and reference allows the mea- 
surement of bridge-type transducers such as load 
cells, strain gauges and temperature transducers. 

_ Forapplications requiring more resolution see 
the TSC800, 15-bit plus sign data sheet. 


Pin Configuration 


TSC7109 


NOTES: 


 42-BIT PLUS SIGN 
INTEGRATING A/D CONVERTER 


Ordering Information 


Temperature 
Part No. Package Range 
TSC7109CPL - 40-Pin Plastic Dip 0°C to +70°C 
TSC7109BCPL —40-Pin Plastic Dip 0°C to +70°C 
TSC71091JL 40-Pin CerDIP -25°C to +85°C 
TSC7109BIJL 40-Pin CerDIP -25°C to +85°C 
TSC7109MJL 40-Pin CerDIP -55°C to +125°C 
60-Pin Plastic 
TSC7109CBQ Flat Package: 0°C to +70°C 
Formed Leads 
TSC7109CLW 44-Pin PLCC 0°C to +70°C 
Tsc7iosckw 44 Pin 0°C to +70°C 


Flat Package 
Devices Available with 160 Hour, +125°C Burn-in 
TSC7109CPL/BI 40-Pin Plastic Dip 0°C to +70°C 
TSC71091JL/BI 40-Pin CerDIP -25°C to +85°C 
Devices with MIL-STD-883 Processing 
TSC7109MJL/883 40-Pin CerDIP 55°C to +125°C 


7"~ 


TSC7109(BQ) 


EI 
+ 
a 
< 
iS) 
u. 
w 
a 


a. 
<= 
o 
u 
uw 
x 


1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED 
TO THE DIE SUBSTRATE. THE POTENTIAL AT THESE PINS !S 
APPROXIMATELY V+. NO EXTERNAL CONNECTIONS SHOULD BE 


3.FOR 44 PIN PACKAGE INFORMATION 
SEE THE 7109A DATA SHEET ON PAGE 8-98 
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Absolute Maximum Ratings 


Positive Supply Voltage (GND to v") ey eee +6.2 V under absolute maximum ratings, may cause permanent damage to the 
Negative Supply Voltage (GND to Vv) -9V devices. Normal precautions should be taken to avoid application of any 
Analog Input Voltage (LOW or HIGH) (Note 1)... V7 to V7 Youage higher than maximum ratings. 

Reference Input Voltage (LOW or HIGH) (Note 1)..V toV 


Cr | 


nee Notes: 
Digital Input Voltage 1. Input voltages may exceed the supply voltages if the input current is limited 
(Pins 2-27) (Note 2) ......... eee eee eee GND -0.3 V to +100 pA. | 
Power Dissipation (Note 3) 2. Connecting any digital inputs or outputs to voltages greater than Vt or less 
Ceramic Package ..............00000 1W @ +85°C than GND may cause destructive device latchup. Therefore, it is recom- 
P| ic Packaae ............--205. 50 W +70°C mended that inputs from sources other than the same power supply should 
O nee ee OmW @ not be applied to the TSC7109 before its power supply is established. In 
perating emperature multiple supply systems, the supply to the TSC7109 should be activated 
Ceramic Package (M) ........ -55°C < Ta $< +125°C first. 
Ey eee ooaica’s -25°C < Ta < +85°C 3. This limit refers to that of the package and wil! not occur during the normal 
Plastic Package (C) ........... 0o°C < Ta<+70°C ; Sade anes nae saben : 
; N AUTIONS: These devices are CM and must be han- 
bs ° < < ° 
Storage Temperature pag a ead SS°CSTAS sacar dled correctly to prevent damage. Package and store only in conductive 
Lead Temperature (Soldering, 60 SOC.) S4ckeaces: +300° C foam, anti-static tubes or other conducting material. Use proper anti-static 


This device contains circuitry to protect the inputs from damage due to high 
static voltage or electric fields. It is advised that voltages great than those listed 


handling procedures. Do not connect in circuits under “power-on” condi- 
tions, as high transients may cause permanent damage. 


Electrical Characteristics: ai parameters with V* = +5 V, V- =-5V, GND=OV, Ta= 25°C, unless otherwise indicated. 
Test circuit as shown on page 1. 


TEST TSC7109 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
, Vin = 0.0 V 2 + Octal 
1 Zero Input Reading Full-Scale = 409.6 mV 00008 +0000s +0000s Reading 
VIN = VREF 37778 Octal 
2 Ratiometric Reading Wace = 204 nv 37778 40008 40008 Reading 
Non-Linearity (Max. Full-Scale = 409.6 mV 
3 NL Deviation From Best to 4.096 V Over Full -1 +.2 zl Counts 
Straight Line Fit) Operating Temp. Range. 
Roll-Over Error (Difference Full-Scale = 409.6 mV 
4 in Reading for Equal Pos. and to 4.096 V Over Full -1 1.2 +1 Counts 
Neg. Inputs Near Full-Scale) Operating Temp. Range. 
Input Common-Mode Vom +1 V Vin=OV _ = 
5 CMRR Rejection Ratio Full-Scale = 409.6 mV ik aie 
A 6 VCMR Common-Mode Range input High, Input Low, Common V- 41.5 — vt -1.0 V 
N 7 Noise (p-p value not VIN=OV _ 15 _ V 
A Exceeded 95% of Time) Full-Scale = 409.6 mV | . 
L Vin = 0 All Packages 25°C — 1 10 pA 
8 | Leakage Current at Input TSC7109CPL 0°C < Ta < +70°C — 20 100 pA 
O n TSC7109 TSC7109IJL -25°C < Ta < +85°C — 100 250 pA 
G TSC7109MJL -55°C < Ta S$ +125°C _ 2 5 nA 
Vin = 0 All Packages 25°C — 1 10 pA 
9 IIN oe er new TSC7109BCPL 0°C < Ta < +70°C ~ = 500 pA 
TSC7109BIJL -25°C < Ta < +85°C _ — 750 pA 
10 TCzs Zero Reading Drift Vin=OV — 0.2 1 uV/°C 
Vin = 408.9 mV = >77708 
Scale Factor : 
11. TCrs ae Reading — 1 5 ppm/°C 
Temperature Coefficient Ext. Ref. 0 ppm/°C 
12 It oy ren Vin = 0, Crystal Osc. = 700 1500 ah 
3.58 MHz Test Circuit 
13 Isupp Supply Current Vt to V~- Pins 2-21, 25, 26, 27, 29, Open — 700 1500 pA 
Referred to Vt, 25 kQ | ' 
14. VRerF Ref Out Voltage Between V+ and Ref Out -2.4 -2.8 3.2 V 
15 TCrEeF Ref Out Temp. Coefficient 25 kO, Between V* and Ref Out — 80 —  ppm/°C 
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Electrical Characteristics: All parameters with Vt =+5 V, V-=-5 V, GND=OV, Ta=25°C, unless otherwise indicated. 
Test circuit as shown on page 1. . 


| 12-BIT PLUS SIGN. 
INTEGRATING A/D CONVERTER 


TEST . TSC7109 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP . MAX UNIT 
16 = VoH Output High Voltage ste Rie 20 3.5 — «43 — V 
17. VoL Output Low Voltage lout = 1.6 mA | —_ 0.2 0.4 V 
18 Output Leakage Current Pins 3-16 High Impedance — +.01 Ht pA 
D 19 Control 1/0. Pins 18, 19, 20 Vout = Vt o 5 . = oA 
, Pullup Current -3 V MODE Input at GND . 
G 20 Control 1/0 Loading HBEN Pin 19 LBEN Pin 16 = —_ 50 pF 
r 21 Vin Input High Voltage ~ Aine eae 2.5 — —_ V 
L 22 VIL Input Low Voltage Sowage ne — —_ 1 V- 
23 Input Pullup Current Pins 26, 27 Vout = V* -3 V — ‘5 — yA 
24 Input Pullup Current Pins 17, 24 Vout = Vt -3 V — 25 — pA 
25 Input Pulldown Current Pin 21, Vout = GND +3 V — 5 — pA 
26 OOH Oscillator Output High VoutT=2.5V — 1 — mA 
OOL Current Low VoutT=2.5V _— 1.5 — mA 
97 BOoH Buffered Oscillator High VoutT=2.5V —_ 2 _ mA 
BOoL Output Current Low VouT=2.5V — _ — mA 
28 tw MODE Input Pulse Width 50 — — ns 
Pin Description 
40-Pin DIP 60-Pin 
Pin Number Flat Package 
Normal/(Reverse) Pin Number Name ‘Description 


9 
10 


11 


12 


13 
18 
19 


GND 
STATUS 


Digital Ground, 0 V, Greund Return for all digital logic. 


Output High during integrate and deintegrate until data is latched. Output 


Low when analog section is in Auto-Zero configuration. 


Polarity — High for Positive. Input. 
Overrange — High if Overranged. 
Bit 12 (Most Significant Bit). 

Bit 11. 

Bit 10. 

Bit 9. — 

Bit 8. 

Bit 7. 

Bit 6 

Bit 5. 

Bit 4. 

Bit 3. 

Bit 2. 

Bit 1 (Least Significant Bit). 


Input High — Normal Operation. Input Low — Forces all bit outputs high. 


Note: This input is used for test purposes only. 
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Pin Description (Cont.) 


TSC7109 


40-Pin DIP 60-Pin 
Pin Number Flat Package 
Normal/(Reverse) Pin Number Name 


18 35 LBEN 

19 36 HBEN 

20 37 CE/LOAD 

24 39 MODE 

22 40 OSC IN 

23 44 OSC OUT 
24 42 OSC SEL 

25 43 BUF OSC OUT 
26 48 RUN/HOLD 
27 49 SEND 

28 50 Va 

29 51 REF OUT 

30 52 BUFFER 

31 54 AUTO-ZERO 
32 55 INTEGRATOR 
33 56 COMMON 
34 57 INPUT LOW 
35 59 INPUT HIGH 
36 1 REF IN + 

37 3 REF CAP + 
38 5 REF CAP - 
39 6 REF IN - 

40 7 vt 


NOTE: Ail digital levels are positive true. 


Description 


Low Byte Enable — With MODE (Pin 21) low, and CE/LOAD (Pin 20) low, 
taking this pin low activates low order byte outputs B1-B8. With MODE (Pin 
21) high, this pin serves as low byte flag output used in handshake 
mode. See Figures 7, 8, 9. 


High Byte Enable — With MODE (Pin 21) low, and CE/LOAD (Pin 20) low, 
taking this pin low activates high order byte outputs B9-B12, POL, OR. With 
MODE (Pin 21) high, this pin serves as high byte flag output used in hand- 
shake mode. See Figures 7, 8. 9. 


Chip Enable Load — With MODE (Pin 21)low, CE/LOAD serves as a master 
output enable. When high, B1-B12, POL, OR outputs are disabled. When 
MODE (Pin 21) low, a load strobe used in handshake mode. 

See Figures 7, 8, 9. 


Input Low — Direct output mode where CE/LOAD (Pin 20), HBEN (Pin 19) 
and LBEN (Pin 18) act as inputs directly controlling byte outputs. Input 
Pulsed High — Causes immediate entry into handshake mode and output of 
data as in Figure 9. Input High — Enables CE/LOAD (Pin 20), HBEN (Pin 19), 
and LBEN (Pin 18) as outputs, handshake mode will be entered and data 
output as in Figures 7 and 8 at conversions completion. 


Oscillator Input 
Oscillator Output 


Oscillator Select — Input high configures OSC IN, OSC OUT, BUF OSC 
OUT as RC oscillator — clock will be same phase and duty cycle as BUF 
OSC OUT. Input low configures OSC IN, OSC OUT for crystal oscillator — 
clock frequency will be 1/58 of frequency at BUF OSC OUT. 


Buffered Oscillator Output. 


Input High — Conversions continuously performed every 8192 clock pulses. 
Input Low — Conversion in progress completed, converter will stop in Auto- 
Zero seven counts before integrate. 


Input — Used in handshake mode to indicate ability of an external device to 
accept data. Connect to Vs if not used. 


Analog Negative Supply — Nominally -5 V with respect to GND (Pin 1). 
Reference Voltage Output — Nominally 2.8 V down from V* (Pin 40). 
Buffer Amplifier Output. 

Auto-Zero Node — Inside foil of Caz. 

Integrator Output — Outside foil of Cinr. 

Analog Common — System is Auto-Zeroed to COMMON. 

Differential Input Low Side. 

Differential Input High Side. 

Differential Reference Input Positive. 

Reference Capacitor Positive. 

Reference Capacitor Negative. 

Differential Reference Input Negative. 

Positive Supply Voltage — Nominally +5 V with respect to GND (Pin 1). 
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—12-BIT PLUS SIGN 
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TSC7109_ 


vt 40 

REF IN — 39 
REF CAP — 38 
REF CAP + 37 
REF IN + 36 
IN HI 35 

iN LO 34 
COM 33 

INT 32 

AZ 31 

BUF 30 

REF OUT 29 
V~ 28 
RUN/HOLD 26 
OSC SEL 24 
OSC OUT 23 


1 GND 
25 BUF OSC OUT 
2 STATUS 


0 ——-— GND 
EXTERNAL 
REFERENCE 


TRC 40 
OSC IN 17 
EPE 39 
CLS1 38 
CLS2 37 
SBS 36. 
PI 35 
CRL 34 
26-33 
TBR1-8 
TRE 24 
DRR 18 
‘DR 19 
TBRL 23 
TBRE 22 


‘1 vt 

2 OSC CONTROL 
3 GND 

4 RRD 

5-12 

RBR1-8 


19 HBEN 


O+ 
5. INPUT 


3-8 
B9-B12, POL, OR 


9-16 a 


13 PE 


14 FE 
15 OE 
16 SFD 


B1-B8 
17 TEST 
18 LBEN 
21 MODE 
20 CE/LOAD 
27 SEND 


Rint 20K{2 0.2V REF 
200K22 2V REF 
+5V OR OPEN 


20 RRI 
GND 


SERIAL 
INPUT 


SERIAL 
OUTPUT 


25 TRO 


MR 21 


GND 
FOR LOWEST POWER CONSUMPTION, 


OSC IN 22 


3.68 MHz 
CRYSTAL 


TSC7109 
CMOS A/D CONVERTER 


6403 


TBR1-TBR8 INPUTS,SHOULD HAVE 100KQ 
CMOS UART 


PULLUP RESISTORS TO +5V 


Figure 1A: TSC7109 UART Interface. Send Any Word to UART to Transmit Latest Result. 


REF IN — 39 
REF CAP — 38 
REF CAP + 37 

REF IN + 36. 

IN Hi 35 

IN LO 34 
COM 33 

INT 32 

AZ 31 

BUF 30 
REF OUT 29 
V~ 28 

SEND 27 
BUF OSC OUT 25 
OSC SEL 24 
OSC OUT 23 
OSC IN 22 
MODE 21 


o--— GND 


3 40 v* 
XTAL2 oa 1 GND 
17 TEST 


EXTERNAL 
REFERENCE 
21-24 ner 

35-38 
P20-P27 
31-34] rN 
P14-P17 A) 
26 RUN/HOLD 
2 STATUS 
18 [BEN 


19 HBEN 
3-8 
B9-B12, POL, OR 
9-16 
B1-B8 
20 CE/LOAD 
TSC7109 
CMOS A/D CONVERTER 


P13 30 
P12 29 
P11 28 
P10 27 


Rint 20KQ 0.2V REF. 
200K22 2V REF. 


12-19 
DBO-DB7 
RD 10 
8748/8049 
CMOS MICROCOMPUTER 


3.58 MHz 
CRYSTAL 


Figure 1B: TSC7109 Parallel Interface with 8048/8049 Microcomputer 
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PRODUCT INFORMATION 


Detailed Description 
Analog Section 


Figure 2 shows a block diagram of the Analog Section of the 
TSC7109. The circuit will perform conversions at a rate deter- 
mined by the clock frequency (8192 clock periods per cycle), 
when the RUN/HOLD input is left open or connected to Vt. 
Each measurement cycle is divided into three phases as 
shown in Figure 3. They are: (1) Auto-Zero (AZ), (2) Signal 
Integrate (INT), (3) Reference Deintegrate (DE). 


Crer 


REF CAP + ¢ REF IN + REF IN- ¢ REF CAP - 


eee eee, = 


i 2 fa 39 : 


DEINT(+) DEINT(-) 


or AZ 
wy DEINT(+) 


Figure 2: Analog Section 
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TSC7109 


Auto-Zero Phase 


The buffer and the integrator inputs are disconnected from 
input high and input low and connected to analog common. 
The reference capacitor is charged to the reference voltage. 
A feedback loop is closed around the system to charge the 
auto-zero capacitor, Caz, to compensate for offset voltage in 
the buffer amplifier, integrator, and comparator. Since the 
comparator is included in the loop, the A-Z accuracy is 
limited only by the noise of the system. The offset referred to 
the input is less than 10 yV. 


Rint 


Cint 
{ INTEGRATOR 


TO ZERO CROSS 
DETECTOR 
DIGITAL SECTION 


AZ =— cro 
i M CONTROL 
OGIC 


L 
DEINT (+) -—— 
DEINT (-)<— DIGITAL SECTION 


REF OUT 


TSC7109 


Signal Integrate Phase 


The buffer and integrator inputs‘ are removed from 
COMMON and connected to input high and input low. The 
auto-zero loop is opened. The auto-zero capacitor is placed 
in series in the loop to provide an equal and opposite 
compensating offset voltage. The differential voltage 
between input high and input low is integrated fora fixed time 
of 2048 clock periods. At the end of this phase, the polarity of 
the integrated signal is determined. If the input signal has no 


return to the converter power supply, input low can be tied to | 


analog common to establish the correct common-mode 
voltage. 


De-Integrate Phase 


Input high is connected across the previously charged ref- 
erence capacitor and input low is internally connected to 
analog common. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to cause 
the integrator output to return to the zero crossing (estab- 
lished by AUTO-ZERO) with a fixed slope. The time, repre- 
sented by the number of clock periods counted for the output 
to return to zero, is proportional to the input signal. 


Differential Input 


The TSC7109 has been optimized for operation with analog- 
common near digital ground. With +5 V and -5 V power sup- 
plies, a full +4 V full-scale integrator swing maximizes the 
analog section’s performance. 


A typical CMRR of 86 dB is achieved for input differential vol- 
tages anywhere within the common-mode range of 0.5 volts 
below the positive supply to 1.0 volts above the negative 
supply. However, since the integrator also swings with the 
common-mode voltage, care must be exercised to assure the 
integrator output does not saturate. A worst case condition is 
near a full-scale negative differential input voltage with a 
large positive common-mode voltage. The negative input 


POLARITY . 
DETECTED _ 


INTEGRATOR 


OUTPUT ee of. 


t—- AZ PHASE | —»}<— INT PHASE II 


--42-BIT PLUS SIGN’ 
INTEGRATING A/D CONVERTER 


signal drives the integrator positive when most of its swing 
has been used up by the positive common-mode voltage. In 
such cases, the integrator swing can be reduced to less than. 
the recommended +4 V full-scale value, with some loss of 
accuracy. The integrator output can swing to within 0.3 volts 
of either supply without loss of linearity. 


Differential Reference | 


The reference voltage can be generated anywhere within the 
power supply voltage of the converter. Rollover voltage is the 
main source of common-mode error. It is caused by the ref- 
erence capacitor losing or gaining charge due to stray 
capacity on its modes. With a large common-mode voltage, 
the reference capacitor can gain charge (increase voltage) 
when called up to de-integrate a positive signal and lose 
charge (decrease voltage) when called up to de-integrate a 
negative input signal. This difference in reference for (+) or 
(-) input voltage will cause a roll-over error. This error can be 
held to less than 0.5 count worst case by using a large 
reference capacitor in comparision to the stray capacitance. 
To minimize roll-over error from these above sources keep 
the reference. common-mode voltage near or at analog 
common. 


Digital Section 

The digital section is shown in block diagram Figure 4 and 
includes the clock oscillator and scaling circuit, a 12-bit 
binary counter with output latches and TTL-compatible 
three-state output drivers, UART handshake logic, polarity, 
overrange and control logic. Logic levels are referred to as 
“low’or “high”. The actual logic levels are defined in Table 1 


“Operating Characteristics.” 


Inputs driven from TTL gates should have 3-5 k pullup 
resistors added for maximum noise immunity. For minimum 
power consumption, all inputs should swing from GND (low) 
to V* (high). 
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Figure 3: Conversion Timing (RUN/HOLD Pin High) 
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STATUS RUN/ OSC OSC OSC BUF MODE SEND 
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oe 


handshake mode and outputs the data in two bytes, then 
returns to “direct” mode. When the MODE input is kept high, 
the converter will output data in the handshake mode at the 
end of every conversion cycle with MODE = 0 (Direct BUS 
Transfer) the send input should be tied to Vv (See Handshake 
Mode Section). 


STATUS Output 


During a conversion cycle, the STATUS output goes high at 
the beginning of Signal Integrate and goes low one-half 
clock period after new data from the conversion has been 
stored in the output latches. See Figure 3. The signal may be 
used as a “data valid” flag to drive interrupts, or for 
monitoring the status of the converter. (Data will not change 


while STATUS is low). RUN/HOLD Input 


With RUN/HOLD high or open, the circuit operates normally 
as a dual slope A/D as shown in Figure 3. Conversion cycles 
operate continuously with the output latches updated after 
zero crossing in the de-integrate mode. An internal pullup 
resistor is provided to insure a high level with an open input. 


MODE Input 


The output mode of the converter is controlled by the MODE 
input. The converter is in its “Direct” output mode, when the 
MODE pin is low or left open. The output data is directly 


accessible under the control of the chip and byte enable 
inputs (this input is provided with a pulldown resistor to 
ensure a low level when the pin is left open). When the MODE 
input is pulsed high, the converter enters the UART 


DEINT TERMINATED 
AT ZERO CROSSING 


gee aN 


INTEGRATOR 


OUTPUT { 


The RUN/HOLD may be used to shorten conversion time. If 


_ the RUN/HOLD goes lowatanytime after zero crossing in the 


de-integrate mode, the circuit will jump to auto-zero and 
eliminate that portion of time normally spent in de-integrate. 


| AUTOZERO INT 
: PHASE I 


| PHASE | | STATIC IN 
MIN 1790 COUNTS | HOLD STATE 


MAX 2041 COUNTS | | 


———— 7 COUNTS ———*4 


INTERNAL LATCH | 


RUN/HOLD INPUT 


Figure 5: TSC7109 RUN/HOLD Operation 
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lf RUN/HOLD stays or goes lowthe conversion will complete 
with minimum time in de-integrate. It will stay in auto-zero for 


the minimum time and wait in auto-zero for a high in the | 
RUN/HOLD input. As shown in Figure:5, the STATUS output 


will go high seven clock periods after RUN/HOLD is changed 
to high, and the converter will begin the integrate phase of 
the next conversion. 


~The RUN/HOLD input allows controlled conversion 
interface. The converter may be held at idle in auto-zero with 
RUN/HOLD low. The conversion is started wnen RUN/HOLD 
goes high and the new data is valid when the STATUS output 
goes low (or is transferred to the UART — see Handshake 
Mode.) RUN/HOLD may now go low, terminating de- 
integrate and ensuring a minimum auto-zero time before 
stopping to wait for the next conversion. Conversion time can 
be minimized by ensuring RUN/HOLD goes low during de- 
integrate, after zero crossing, and goes high after the hold 
point is reached. The required activity on the RUN/HOLD in- 
put can be provided by connecting it to the Buffered 


Oscillator output. In this mode, the input value measured 


determines the conversion time. 


Direct Mode 


The data outputs (bits 1 through 8 low order byte, bits 9 
through 12, polarity and overrange high order byte) are 
accessible under control of the byte and chip enable termi- 
nals as inputs with the MODE pin at a low level. These three 
inputs are all active low. Internal pullup resistors are provided 
for an inactive high level when left open. When the chip 
enable input is low, a byte enable input low will allow the 
outputs of that byte to become active. A variety of parallel 
data accessing techniques may be used, as shown in the 
section entitled “Interfacing.” (See Figure 6 and Table 3) 


The access of data should be synchronized with the con- 
version cycle by monitoring the STATUS output. This will 
prevent accessing the data while it is being updated and 
eliminate the acquisition of erroneous data. 


CE/LOAD 
AS INPUT 


HBEN 
AS INPUT 


LBEN 
AS INPUT 


HIGH BYTE __ 
DATA 


LOW BYTE { DATA 


VALID | J 


maomemes = HIGH IMPEDANCE 


Figure 6: TSC7109 Direct Mode Output Timing 
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- Symbol ‘Description Min. Typ. Max. Units 
tBEA Byte Enable Width 350 220 ns ° 
Data Access Time | 
{DAB from Byte Enable do 220 = 
tDHB Data Held: Time 150 300 ns 


from Byte Enable 
tCEA Chip Enable Width 400 260 ns 


Data Access Time 
from Chip Enable 


Data Hold Time 
from Chip Enable 


tDAC 260 400 ns 


tDHC 240 400 ns 


Table 3. TSC7109 Direct Mode Timing Requirements 


Handshake Mode 


An alternative means of interfacing the TSC7109 to digital - 
systems is provided when the handshake output mode of the 
TSC7109 becomes active in controlling the flow of data 
instead of passively responding to chip and byte enable 
inputs. This mode allows a direct interface between the 


. TSC7109 and industry-standard UART’s with no external 


logic required. The TSC7109 provides all the control and flag 
signals necessary to sequence the two bytes of data into the | 
UART and initiate their transmission in serial form when 
triggered into the handshake mode. The cost of designing 


-remote data acquisition stations is reduced using serial data 


transmission to minimize the number of lines to the central 
controlling processor. 


The MODE pin controls the handshake mode. When the 
MODE terminal is held high, the TSC 7109 will enter the hand- 
shake mode after new data has been stored in the output 
latches at the end of every conversion performed (see 
Figures 7 and 8). Entry into the handshake mode may be 
triggered on demand by the MODE terminal. At any time 
during the conversion cycle, the low to high transition of a 
short pulse at the MODE input will cause immediate entry 
into the handshake mode. If this pulse occurs while newdata 
is being stored, the entry into handshake mode is delayed 
until the data is stable. The MODE input is ignored in the 
handshake mode, and until the converter completes. the 
output cycle and clears the handshake mode data updating 
will be inhibited (see Figure 9). 


When the MODE input is high or when the converter enters 
the handshake mode, the chip and byte enable terminals 
become TTL-compatible outputs which provide the output 
cycle control signals (see Figures 7,8 and 9). 


The SEND input is used by the converter as an indication of 
the ability of the receiving device (such as a UART) toaccept 


_ data in the handshake mode. The sequence of the output 


cycle with SEND held high is shown in Figure 7. The hand- 
shake mode (internal MODE high) is entered after the data 
latch pulse (the CE/LOAD, LBEN and HBEN terminals are 


_ active as outputs since MODE remains high). 


The high level at the SEND input is sensed on the same high 


~ to low internal clock edge. On the next low to high internal 
_ clock edge the high-order byte (bits 9 through 12, POL, and 


OR) outputs are enabled and the CE/LOAD and the HBEN 
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outputs assume a low level. The CE/LOAD output remains 
low for one full internal clock period only; the data outputs 
remain active for 1-1/2 internal clock periods; and the high 
byte enable remains low for two clock periods. The 
CE/LOAD output low level or low to high edge may be used 
as a synchronizing signal to ensure valid data, and the byte 
enable as an output may be used as a byte identification flag. 
With SEND remaining high the converter completes the out- 
put cycle using CE/LOAD and LBEN while the low order byte 
outputs (bits 1 through 8) are activated. When both bytes are 
sent the handshake mode is terminated. The typical UART 
interfacing timing is shown in Figure 8. The SEND input is 
used to delay portions of the sequence, or handshake to 
ensure correct data transfer. This timing diagram shows an 
industry-standard HD6402 or CDP1854 CMOS UART to 
interfacing serial data channels. The SEND input to the 
TSC7109 is driven by the TBRE (Transmitter Buffer Register 
Empty) output of the UART, and the CE/LOAD terminal of 
the TSC7109 drives the TBRL (Transmitter Buffer Register 
Load) input to the UART. The eight transmitter Buffer 
Register inputs accept the parallel data outputs. With the 
UART Transmitter Buffer Register empty, the SEND input 
will be high when the handshake mode is entered after new 
data is stored. The high order byte outputs become active 
and the CE/LOAD and HBEN terminals will go low after 
SEND is sensed. When CE/LOAD goes high at the end of one 
clock period, the high order byte data is clocked into the 
UART Transmitter Buffer Register. The UART TBRE output 
will go low, which halts the output cycle with the HBEN 
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INTEGRATOR Vd 
OUTPUT 


INTERNAL 
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STATUS 
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Seeseeses = DON'T CARE 


| 
SEND sis iiss nunureaennmeeens 
HBEN MODE LOW, NOT a —_ ed 


ame eee = THREE-STATE HIGH IMPEDANCE 


TSC7109 


Output low, and the high order byte outputs active. When the 
UART has transferred the data to the Transmitter Register 
and cleared the Transmitter Buffer Register, the TBRE 
returns high. The high order byte outputs are disabled on the 
next TSC7109 internal clock high to low edge, and one-half 
internal clock later, the HBEN output returns high. The 
CE/LOAD and LBEN outputs go low at the same time as the 
low order byte outputs become active. When the CE/LOAD 
returns high at the end of oneclock period, the low order data 
is clocked into the UART Transmitter Buffer Register, and 
TBRE again goes low. The next TSC7109 internal clock high 
to low edge will sense when TBRE returns toa high, disabling 
the data outputs. One-half internal clock later, the handshake 
mode is cleared, and the CE/LOAD, HBEN and LBEN 
terminals return high and stay active, if MODE still remains 
high. 


Handshake output sequences may be performed on demand 
by triggering the converter into handshake mode with a low 
to high edge on the MODE input. A handshake output 
sequence triggered is shown in Figure 9. The SEND input is 
low when the converter enters handshake mode. The whole 
output sequence is controlled by the SEND input, and the se- 
quence for the first (high order) byte is similar to the se- 
quence for the second byte. 


This diagram also shows that the output sequence takes lon- 
ger than a conversion cycle. New data will not be latched 
when the handshake mode is stillin progress and is therefore 
lost. 
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Figure 7: TSC7109 Handshake with Send Input Held Positive 
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Figure 8: TSC7109 Handshake — Typical UART Interface Timing 
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Figure 9: TSC7109 Handshake Triggered by Mode Input 
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Oscillator 


The oscillator may be overdriven, or may be operated as an 
RC or crystal oscillator. The OSCILLATOR SELECT input 
optimizes the internal configuration of the oscillator for RC 
or crystal operation. The OSCILLATOR SELECT input is 
provided with a pullup resistor. When the OSCILLATOR 
SELECT input is high or left open, the oscillator is configured 
for RC operation. The internal clock will be the same fre- 
quency and phase as the signal at the BUFFERED OSCILLA- 
TOR OUTPUT. Connect the resistor and capacitor as in 
Figure 10. The circuit will oscillate at a frequency given by f= 
0.45/RC. a 100k resistor is recommended for useful ranges of 
frequency. The capacitor value should be chosen such that 
2048 clock periods are close to an integral multiple of the 60 
Hz period for optimum 60 Hz line rejection. 


With OSCILLATOR SELECT input low, two on-chip capa- 
citors and a feedback device are added to the oscillator. In 
this configuration, the oscillator will operate with most cry- 
stals in the 1 to 5 MHz range with no external components 
(Figure 11). The OSCILLATOR SELECT input low inserts a 
fixed +58 divider circuit between the BUFFERED OSCILLA- 
TOR OUTPUT and the internal clock. A3.58 MHz TV crystal 
gives a division ratio providing an integration time given by: 


T=(2048clock periods) = 33.18 ms 


58 
3.58 MHz 
The error is less than one percent from two 60 Hz periods or 
33.33 ms which will give better than 40 dB, 60 Hz rejection. 
The converter will operate reliably at conversion rates of up 
to 30 per second, corresponding to a clock frequency of 
245.8 kHz. 


BUFFERED 
OSC 
OUT 


BUFFERED 
osc 
OUT 


CRYSTAL 


Figure 11: TSC7109 Crystal Oscillator 


TSC7109 


When the oscillator is to be overdriven, the OSCILLATOR 
OUTPUT should be left open, and the overdriving signal 
should be applied at the OSCILLATOR INPUT. The internal 
clock will be of the same duty cycle, frequency and phase as 
the input signal. When the OSCILLATOR SELECT is at GND, 
the clock will be 1/58 of the input frequency. 


Test Input 


The counter and its outputs may be tested easily. When the 
TEST input is connected to GND, the internal clock is 
disabled, and the counter outputs are all forced into the high 
State. When the input returns to the 1/2 (V -GND) voltage or 
to V_ and one clock is input, the counter outputs will all be 
clocked to the low state. 


The counter output latched are enabled when the TEST input 
is taken to a level halfway between V and GND allowing the 
counter contents to be examined anytime. 


Component Value Selection 


The integrator output swing for full-scale should be as large 
as possible. For example, with +5 V supplies and COMMON 
connected to GND, the nominal integrator output swing at 
full-scale is +4 V. Since the integrator output can go to 0.3 V 
from either supply without significantly affecting linearity, a 
4 V integrator output swing allows 0.7 V for variations in 
output swing due to component value and oscillator 
tolerances. With +5 V supplies and a common-mode voltage 
range of +1 V required, the component values should be 
selected to provide +3 V integrator output swing. Noise and 
rollover errors will be slightly worse than in the +4 V case. For 
large common-mode voltage ranges, the integrator output 
swing must be reduced further. This will increase both noise 
and rollover errors. To improve the performance, +6 V 
supplies may be used. 


Integrating Capacitor 

The integrating capacitor Cint should be selected to give the 
maximum integrator output voltage swing that will not satu- 
rate the integrator to within 0.3 volt from either supply. A+3.5 
to +4 volt integrator output swing is nominal for the TSC7109 
with +5 volt supplies and analog common connected to 
GND. For 7-1/2 conversions per second (61.72 kHz internal 
clock frequency) nominal values Cint and Caz are.0.15 wF 
and 0.33 uF, respectively. These values should be changed if 
different clock frequencies are used to maintain the 
integrator output voltage swing. The value of CinT is given 


by: (2048 x Clock Period) (20 ») 


CINT = 
Integrator Output Voltage Swing 


The integrating capacitor must have low dielectric 
absorption to prevent rollover errors. Polypropylene 
capacitors give undetectable errors at reasonable cost up to 
85°C. Teflon® capacitors are recommended for the military 
temperature range. While their dielectric absorption 
characteristics vary somewhat between units, devices may 
be selected to less than 0.5 count of error due to dielectric 
absorption. 


8-89 


TSC7109 


- 12-BIT PLUS SIGN 
INTEGRATING A/D CONVERTER 


Integrating Resistor 


The integrator and the buffer amplifier both have aclass A 
output stage with 100 vA of quiescent current. They supply 
20 pA of drive current with negligible non-linearity. The inte- 
grating resistor should be large enough to remain in this very 
linear region over the input voltage range, but small enough 
that undue leakage requirements are not placed on the PC 
board. For 4.095 voit full-scale a 200 kO and for 409.6 mV full- 
scale a 20 kf are recommended. Rint my be selected for 
other values of full-scale by: 


Full-Scale Voltage 


RINT = ; 
INT 30 uA 


Auto-Zero Capacitor 


As the auto-zero capacitor is made large the system noise is 
reduced. Since it is in parallel with the integrating capacitor, 
it forms an RC time constant that determines the error that 
exists at the end of an auto-zero cycle and speed of recovery 
from overloads. For 4.096 V full-scale where recovery is most 
important, a value of Caz equal to half of Cint should be 
used. . 


For.409.6 mV full-scale where noise is very important and the 
integrating resistor is small, use a value of Caz twice Cint. 
The inner foil of Caz should be connected to pin 31 and the 
outer foil to the RC summing junction. The inner foil of Cint 
should be connected to the RC summing junction and the 
outer foil to pin 32 for best rejection of the stray pickup. For 
low leakage at temperatures above 85°C use Teflon® 
capacitors. 


Reference Capacitor | 


A 1 uF capacitor is recommended for most circuits. However, 
where a large common-mode voltage exists a larger value is 
required to prevent rollover error (for example: the reference 
low is not analog common) and a 409.6 mV scale is used. The 
rollover error will be held to 0.5 count with a 10 uF capacitor. 
For temperatures above 80°C use Teflon® or equivalent 
capacitors for their low leakage characteristics. 


Reference Voltage 


To generate full-scale output of 4096 counts the analog input 
required is Vin = 2 Vrer. For a 4.096 V full-scale use a refer- 
ence of 2.048 V. In many applications where.the A/D ‘is con- 
nected to a transducer, there will exist a scale factor between 
the input voltage and the digital reading. For instance, ina 
measuring system, the designer might like to have a full- 
scale reading when the voltage from the transducer is 700 
mV. Instead of dividing the input down to 409.6 mV, the 
designer should use the input voltage directly and select 
VreF = 350 mV. Suitable values for integrating resistor and 
capacitor would be 34 k and 0.15 uF. This makes the system 
slightly quieter and also avoids a divider network on the 
input. Another advantage of this system occurs when 
temperature and weight measurements with an offset or tare 
are desired for non-zero input. The offset may be introd uced 
by connecting the voltage output of the transducer between 
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common and analog high, and the offset voltage between 
common and analog low, observing polarities carefully. In 
processor-based systems using the TSC7109, it may be 
more desirable to use software and perform this type of 
scaling or tare subtraction digitally. 


Reference Sources 


A major factor in the absolute accuracy of the converter is 
the stability of the reference voltage. The 12-bit resolution of 
the TSC7109 is one part in 4096, or 244 ppm. Thus, for the on- 
board reference temperature coefficient of 80 ppm/°C a 
temperature difference of 3°C will introduce a one-bit abso- 
lute error. Where the ambient temperature is not controlled 
or where high-accuracy absolute measurements are being 
made it is recommended that an 1 external high- quality refer- 
ence be used. 


A Reference Output (pin 29) is provided which may be used 
with a. resistive divider to generate a suitable reference 
voltage. 20 mA may be sunk without significant variation in 
output voltage. A pullup bias device is provided which 
sources about 10 wA. The output voltage is nominally 2.8 V 
below V*. When using the on-board reference, Ref Out (pin 
29) should be connected to Ref — (Pin 39), and Ref + should 
be connected to the wiper of a precision potentiometer 
between Ref Out and V’. The test circuit shows the circuit for 
a 204.8 mV reference, generated by a 2 k{ precision poten- 
tiometer in series with a 24 kf fixed resistor. 


Interfacing 
Direct Mode 


Combinations of chip enable and byte enable control signals 
which may be used when interfacing the TSC7109 to parallel 
data lines as shown in Figure 12. The CE/LOAD input may be 
tied low, allowing either byte to be controlled by its own 
enable (Figure 12A). Figure 12B shows the HBEN and LBEN 
as flag inputs, and CE/LOAD as a master. enable, which 
could be the READ strobe available from most microproces- 
sors. Figure 12C shows a configuration where the two byte 
enables are connected together. The CE/LOAD is a chip 
enable, and the HBEN and LBEN may be used as a second 
chip enable or connected to ground. The 14 data outputs will 
be enabled at the same time. In the direct MODE, SEND 
should be tied to V™. 


Figure 13 interfaces several TSC7109’s to a bus, ganging the 
HBEN and LBEN signals to several converters together, and 
using the CE/LOAD inputs to select the desired converter. 


Figures 14-19 give practical circuits utilizing the parallel tri- 
state output capabilities of the TSC7109. Figure 14 shows 
parallel interface to the intel MCS-48, -80 and -85 systems via 
an 8255 PPI, where the TSC 7109 data outputs are active atall 
times. The 8155 I/O ports may be used in an identical 
manner. This interface can be used in an identical manner. 
This interface can be used in a read-after-update sequence, 
as shown in Figure 15. The data is accessed by the high to 
low transition of the STATUS driving an interrupt to the 
microprocessor. 
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Figure 12: Direct Mode Chip and Byte Enable Combinations 


The RUN/HOLD input is also used to initiate conversions accomplished through the tri-state output of the TSC7109. 
under software control. Figure 16 gives an interface to 


Figures 1B, 17 and 18 are typical connection diagrams. Tobe 
Motorola MC6800 or MOS technology MCS650X systems. : a 


sure that requirements for setup and hold times, minimum 


An interrupt is generated through the control Resistor B, pulse widths, and the drive limitations on long busses are 
CB1 line from the high to low transition of the STATUS met, it is necessary to carefully consider the system timing in 
output. The RUN/HOLD pin is controlled by CB2 through this type of interface. This type of interface is used when the 
Control Register B, allowing software control of con- memory peripheral address density is low providing simply 
versions. address decoding. Interrupt handling can be simplified by 


Direct interfacing to most microprocessor busses is easily using an interface to reduce the component count. 


CONVERTER CONVERTER ' CONVERTER 
SELECT SELECT SELECT 


GND GND GND 


MODE CE/LOAD MODE CE/LOAD MODE CE/LOAD 


B9-B12 B9-B12 B9-B12 
POL, OR POL, OR POL, OR 


gam iw nm 


TSC7109 TSC7109 TSC7109 


ANALOG ANALOG ANALOG 
IN IN IN 


RUN/HOLD RUN/HOLD RUN/HOLD 
LBEN LBEN HBEN LBEN 


BYTE SELECT FLAGS 


Figure 13: Three-Stating Several TSC7109’s to a Small Bus 
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Figure 14: Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputer Systems 
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Figure 15: Full-Time Parallel Interface to MCS-48, -80, -85 Microcomputers with Interrupt 
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Figure 17: Direct Interface — TSC7109 to 8080/8085 
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Handshake Mode 
~The handshake mode provides an interface to a wide variety 
of external devices. The byte enables may be used as byte 
identification flags or as load enables and external latches 
may be clocked by the rising edge of CE/LOAD. A handshake 
interface to Intel microprocessors using an 8255 PPI as 
shown in Figure 19. The handshake operation with the 8255 is 
controlled by inverting its Input Buffer Full (IBF) flag to drive 
the SEND input to the TSC7109, and using the CE/LOAD to 
drive the 8255 strobe. The internal control register of the PPI 
_ should be set in MODE 1 forthe port used. If the 8255 IBF flag 
is low and the TSC7109 is in handshake mode the next word 
will be strobed into the port. The strobe will cause IBF to go 
high (SEND goes low), which will keep the enabled byte out- 
puis active. The PPI will generate an interrupt which when 
executed will result in the data being read. The IBF will be 
reset low when the byte is read causing the TSC7109 to se- 
quence into the next byte. The MODE input to the TSC7109 is 
connected to the control line on the PPI. 


The data from every conversion will. be sequenced in two 
bytes in the system, if this output is left high, or tied high sep- 
arately. (The data access must take less time than a conver- 
sion). The output sequence can be obtained on demand if 
this output is made to go from low to high and the interrupt 
may be used to reset the MODE bit. 


_ Conversions may be obtained on command under software 
control by driving the RUN/HOLD input to the TSC7109 by a 
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Figure 18: Direct TSC7109 — MC6800 Bus Interface 
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bit of the 8255. Another peripheral device may be serviced by 
the unused port of the 8255. The 8155 may be used in a 
similar manner. The MCS650X microprocessors are shown 
in Figure 20 with MODE and RUN/HOLD tied high to save 
port outputs. . : : 


The handshake mode is particularly useful for directly inter- . 
facing to industry standard UARTs (such as Western Digital 
TR1602) providing a means of serially transmitting 
converted data with minimum component count. 


A typical UART connection is shown in Figure 1A. In this cir-. 
cuit, any word received by the UART causes the UART DR 
(Data Ready) output to go high. The MODE input to the 
TSC7109 goes high, triggering the TSC7109 into handshake 
mode. The high order byte is output to the UART and when 
the UART has tranferred the data to the Transmitter Register, 
TBRE (SEND) goes high again, LBEN will go high, driving 


the UART DRR (Data Ready Reset) which will signal the end 


of the transfer of data from the TSC7109 to the UART. 


An extension of the Typical Connection to several TSC7109’s 
with one UART is shown in Figure 21. In this circuit, the word 
received by the UART (available at the RBR outputs when DR 
is high) is used to select which converter will handshake with 
the UART. Up to eight TSC7109’s may interface with one 
UART, with no external components. Up to 256 converters 
may be accessed on one serial line with additional 
components. 
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Figure 20: Handshake Interface — TSC7109 to MC6800, MCS650X 
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Figure 21: Handshake Interface for Multiplexed Converters 


Integrating Converter Features 


- The output of Integrating A/D converters represents the inte- 
gral or average of an input voltage over a fixed period of time. 
Compared with techniques in which the input is sampled and 
held, the integrating converter will average the effects of 
noise. A second important characteristic is that time is used 
_to quantise the answer, resulting in extremely small non- 
linearity errors and no missing output codes. The integrating 
converter also has very good rejection of frequencies whose 
periods are an integral multiple of the measurement period. 
This feature can be used to advantage in reducing line 
frequency noise. (Figure 22) 


NORMAL MODE REJECTION (dB) 


Crystals 


The 3.58 mHz oscillator crystal is available from: | a InpuT FREQUENCY 

1. Jameco Electronics 
1355 Shoreway Road | Figure 22: Normal Mode Rejection of Dual-Slope 
Belmont, CA 94002 Converter as a Function of Frequency. 


(415) 592-8097 
Part No. CY 3.57 


2. DIGI-KEY Corp. 
Highway 32 South 
P.O. Box 677 
Thief River Falls, MN 56701-9988 
1-800-344-4539 
Part No. X0005 
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SEMICONDUCTOR 


TSC7109A 


12-BIT uP COMPATIBLE A/D CONVERTER 


FEATURES 


a Zero - Integrator cycle for Fast Recovery From 

Input Overloads 

Eliminates Crosstalk in Multiplexed Systems 

12-Bit Plus Sign Integrating A/D Converter with 

Overrange Indication 

Sign Magnitude Coding Format 

True Differential Signal Input and Differential 

Reference Input 

Low Noise — Typically 15 uVp-p 

High Normal Mode Noise and Line Frequency 

Rejection 

1pA typical Input Current 

No Zero Adjustment 

TTL Compatible Byte Organized Tri-State Outputs 

m UART Handshake Mode for Simple Serial Data 
Transmission 

m= Power Dissipation Typically Less Than 20mW 

w internal Voltage Reference 


FUNCTIONAL DIAGRAM 


gu TSC7109 
TSC7109A 


LOW ORDER 


HIGH ORDER 
: BYTE OUTPUTS BYTE OUTPUTS 

Cint BBB .B B 8 BBB 

INTEGRATOR TEST POL OR 12 1110 9 3 4 3 

i) () os 


* 7 7 a I 


16 THREE-STATE OUTPUTS 


14 LATCHES 


fee 


12-BIT COUNTER 


TO CONVERSION OSCILLATOR 
ANALOG CONTROL LOGIC | 49 AND CLOCK 
SECTION + CIRCUITRY 

{ 


REF OUT ; : STATUS RUN/ OSC OSC OSC BUF MODE SEND 
HOLD. IN OUT SEL Osc 
OUT 
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GENERAL DESCRIPTION 


The TSC7109A is a 12-bit plus sign CMOS low power 
A/D converter. Ony 8 passive components and a crystal 
are required to form a complete dual slope integrating A/D 
converter. 


The TSC7109A includes a zero integrator cycle to 
speed overrange recovery. This eliminates crosstalk and 
hysterisis in multiplexed systems, so that an overrange 
input on one channel will not affect other channels. Also, the 
TSC7109A has features that make it an attractive per- 
channel alternative to analog multiplexing for many data 
acquisition applications. These features include typical 
input bias current of 1 pA, drift of less than 1 uV/°C, input 
noise typically 15 wV p-p, and autozero. True differential 
input and reference allows the measurement of bridge-type 
transducers such as load cells, strain ongee and 
temperature transducers. — 


The TSC7109A provides a versatile digital interface. In 
the direct mode, Chip Select and High/Low Byte Enables 
control parallel bus interface. In the Handshake mode the 
TSC7109A will operate with industry. standard UARTs in 
controlling serial data transmission, ideal for remote data 
logging. Control and monitoring of conversion timing is 
provided by the RUN/HOLD input and STATUS output. 


For applications requiring more resolution see the 


TSC800, 15-bit plus sign A/D converter data sheet. 


Pin Configuration 


a) 
TSC7109A. 


PRODUCT INFORMATION 


ORDERING INFORMATION 

Part No. | Package = ——s Temp Range 
TSC7109ACPL* _40-Pin Plastic Dip 0°C to + 70°C 
TSC7109ACLW_ _44-Pin PLCC 0°C to +70°C__ 
TSC7109AIJL* 40-Pin CerDIP__-25°C to +85°C 
TSC7109AMJL* _40-PinCerDIP__—-55°C to +125°C 


“Denotes Devices Available with 160 Hour, +4 eo Burn- in 
Add/Bi to Part No. : | 


Devices available with dil 2S foBnS Bidosasing 
TSC7109AMJL/883 40-Pin CerDIP “55°C to +125°C 


'29] RUN/HOLD | 


CE/LOAD | 22} 
osc set [27] 
BUF OSC OUT [28] 
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Absolute Maximum Ratings 


Positive Supply Voltage (GND to V") ... 
Negative Supply Voltage (GND toV) .. 
Analog Input Voltage (LOW or HIGH) (Note 1) 


oeoeoeee3seeee eee ee ee ee eH Hwee ehh hh hh 8 he 


Digital Input Voltage 


(Pins 2-27) (Note 2) ............ 


Power Dissipation (Note 3) 


Ceramic Package ............. 


Plastic Package 


ANALOG 


TSC7109A 


Operating Temperature 


46.2V Ceramic Package (M) ..... -55°C < Ta S +125°C 

oe a “OV (I) .....2. -25°C S Ta S +85°C 

cea Plastic Package (C) ........ O°C<Ta<+70°C 

Vt to V" Storage Temperature ......... -55°C <= Ta [= +125°C 

ana Lead Temperature (Soldering, 60 sec.) .... +300°C 
er V* to VU 


This device contains circuitry to protect the inputs from 


damage due to high static voltage or electric fields. It is 


GND -0.3 V advised that voltages greater than those listed under absolute 


maximum ratings, may cause permanent damage to the 
1 W @ +85°C devices. Normal precautions should be taken to avoid 


Pete aa ete 500 mW @ +70°C application of any voltage higher than maximum ratings. 


Electrical Characteristics: All parameters with V* = +5 V, V =-5V, GND = OV, Ta = 25°C, unless otherwise indicated. 


TSC7109A 
SYMBOL PARAMETER 


Overload Recovery Time 
Zero Input Reading 
Ratiometric Reading 


NL Non-Linearity (Max. 
Deviation From Best 
Straight Line Fit) 
(Note 4) 


Roll-Over Error (Difference Full-Scale = 409.6 mV 
in Reading for Equal Pos. 


and Neg. Inputs Near 
Full-Scale) 


Input Common-Mode 
Rejection Ratio 


Common-Mode Range 


Noise (p-p value not 
exceeded 95% of Time) 


lin Leakage Current at Input 


TEST 

CONDITIONS TYP MAX 
Ae 

Vin = 0.0 V -0000¢ +0000. +0000s 

Full-Scale = 409.6 mV 

Vin = Vrer 37778 40003 


37778 
40003 


“Ee 


Vrer = 204.8 mV 


Full-Scale = 409.6 mV 
to 2.048 V Over Full 
Operating Temp. Range. 


to 2.048 V Over Full 
Operating Temp. Range. 
(Note 5) 


Vom a] Vin = OV 
Full-Scale = 409.6 mV 


Input High, Input Low, Vi+1.5 


Vin = 0 V 
Full-Scale = 409.6 mV 


Vin = OV All Packages 25°C 1 
TSC7109A CPL 20 
0°C < Ta S+ 70°C 
TSC7109AIJL 

-25°C < Ta < +85°C 
TSC7109AMJL 2 5 
-55°C < Ta S +125°C 


— 


o1 
< 
cok ia 
oO o_k 
© 
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UNIT 


Measurement 
Cycle 


Octal 
Reading 


Octal 
Reading 


Counts 


Counts 


TSC7109A 


~ ‘PRODUCT INFORMATION 


TCzs Zero Reading Drift 
TCrs Scale Factor 
Temperature Coefficient 
I" Supply Current 
V* to GND : 
Isupp Supply Current V* to V7 
Vrer Ref Out Voltage 
TCrer Ref Out Temp. Coefficient 
DIGITAL 


| Vin = 0 V 
Vin = 408.9 mV = >7770s 
reading. 

Ext. Ref. 0 ppm/°C 


Vin = 0, Crystal Osc. 
3.58 MHz Test Circuit 


Pins 2-21, 25, 26, 27, 29, 
open: 


Referred to V", 25kQ 
- between V* and Ref Out 


25KQ Between V* and 
Ref Out 


-2.4 


28 3.2 | 
80 


Electrical Characteristics: All parameters with V* = +5V, V" = -5V, GND = OV, Ta = 25°C, unless 


otherwise indicated. 


% TEST 3 TSC7109A 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX 
Vou Output High Voltage lout = 100 uA 3.5 4.3 
a Pins 2-16, 18, 19, 20 
Output Leakage Current Pins 3-16 High Impedance +.01 i= ae 
Control 1/0 Pins 18, 19, 20 Vour = V*-3V 5 
Pull-up Current MODE Input at GND 
“Control 1/0 Loading HBENPin19LBENPinig | = | | 50 | 
Vin Input High Voltage Pins 18-21, 26,27 25 
Referred to GND : 
Viv Input Low Voltage Pins 18-21, 26, 27 1 
Referred to GND 
Input Pull-up Current - Pins 26, 27. Vout = V* -3 V een i: ee ed 
Input Pull-up Current Pins 17,24. Vour = V* -3 V ae ae ae 
Input Pull-down Current Pin 21. Vour = GND = +3 V a = ie ee 
Oon | Oscillator Output [High Vor = 2.5 V a i a 
BOon | Buffered Oscillator | High Vour = 2.5 V a ae a 


MODE Input Pulse Width 60 
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UNIT 
V 
V 

MA 
LA 


pF 


12 BIT uP - COMPATIBLE A/D CONVERTER 


TSC7109A 


Notes: 

1. Input voltages may exceed the supply voltages if the 

HANDLING PRECAUTIONS: These devices are CMOS input current is limited to £100 uA. 
and must be handled correctly to prevent damage. | 2 Connecting any digital inputs or outputs to voltages 
Package and store only in conductive foam, anti-static greater than V* or less than GND may cause destructive 
tubes or other conducting material. Use proper antistatic device latchup. Therefore, it is recommended that inputs 
handling procedures. Do not connect in Circuits under from sources other than the same power supply should 
power-on" conditions, as high transients may cause not be applied to the TSC7109A before its power supply 
permanent damage. is established. In multiple supply systems, the supply to 


the TSC7109A should be activated first. 

3. This limit refers to that of the package and will not occur 
during the normal operation. 

4. A full scale voltage of 4.096V exceeds the TSC7109A 
Common Mode Voltage Range. Therefore the full scale 
voltage has been changed to 2.048V. 


Pin Description 


40-Pin DIP 
Pin Number 
Name Description 
GND Digital Ground, 0 V, Ground Return for all digital logic. 
2 STATUS Output High during integrate and deintegrate until data is latched. Output 
Low when analog section is in Auto-Zero or Zero-Integrator configuration. 
3 POL Polarity — High for Positive Input. 
4 OR Overrange — High if Overranged. 
5 Bia Bit 12 (Most Significant Bit). 
6 Bit Bit 11. 
7 Bio Bit 10. 
8 Bo Bit 9. | All 
9 | Be Bit 8. leg 
10 B, Bit 7. | vig 
11 Be Bit 6. 
12 Bs Bit 5. 
13 B, Bit 4. 
14 Bs Bit 3. 
15 Bo Bit 2. 
16 B, Bit 1 (Least Significant Bit). 
17 TEST Input High — Normal Operation. Input Low — Forces all bit outputs high. 


Note: This input is used for test purposes only. 
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40-Pin DIP 
Pin Number 
Normal 


18 


19 


20 


21 


22 
23 
24 


25 
26 


27 


28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 


Name 
LBEN . 


HBEN 


CE/LOAD 


MODE 


OSC IN 
OSC OUT 
OSC SEL 


BUF OSC OUT 
RUN/HOLD 


SEND 


Vv 
REF OUT 
BUFFER 
AUTO-ZERO 
INTEGRATOR 
COMMON 
INPUT LOW 
INPUT HIGH 
REF IN + 

REF CAP + 
REF CAP - 
REF IN - 

Ve 


NOTE: All digital levels are positive true. 


PRODUCT INFORMATION 


Description 


Low Byte Enable — With MODE (Pin 21) low, and CE/LOAD (Pin 20) low, 
taking this pin low activates low order byte outputs B1-B8. With MODE (Pin 
21) high, this pin. serves as low byte flag oon used in handshake mode. 
See Figures 7,8,9. 


High byte Enable — With MODE (Pin 21) low, and CE/LOAD (Pin 20) low, 


___ taking this pin low activates high order byte outputs B9-B12, POL, OR. With 


MODE (Pin 21) high, this pin serves as high byte flag output used in 
handshake mode. See Figures 7, 8, 9. 


Chip Enable Load — With MODE (Pin 21) low, CE/LOAD serves as a 
master output enable. When high, B1-B12, POL, OR outputs are disabled. 
When MODE (Pin 21) is high, a load strobe used in handshake mode. See 
Figures 7, 8, 9. 


Input Low — Direct output mode where CE/LOAD (Pin 20), HBEN (Pin 19) 
and LBEN (Pin 18) act as inputs directly controlling byte outputs. Input 
Pulsed High — Causes immediate entry into handshake mode and output 
of data as in Figure 9. Input High — Enables CE/LOAD (Pin 20), HBEN (Pin 
19), and LBEN (Pin 18) as outputs, handshake mode will be entered and 
data output as in Figures 7 and 8 at conversions completion. 


Oscillator Input 
Oscillator Output 


Oscillator Select — Input high configures OSC IN, OSC OUT, BUF OSC 
OUT as RC oscillator — clock will be same phase and duty cycle as BUF 
OSC OUT. Input low configures OSC IN, OSC OUT for crystal oscillator 
—clock frequency will be 1/58 of frequency at BUF OSC OUT. 


Buffered Oscillator Output. 


Input High — Conversions continuously performed every 8192 clock 
pulses. Input Low — Conversion in progress completed, converter will stop 
in AutoZero seven counts before integrate. 


Input— Used in handshake mode to indicate ability of an external device to 
accept data. 


Analog Negative Supply — Nominally -5 V with respect to GND (Pin 1). 
Reference voltage Output — Nominally 2.8 V down from V* (Pin 40) 
Buffer Amplifier Output. 

Auto-Zero Node — Inside foil of Caz 

Integrator Output — Outside foil of Cint 

Analog Common — System is Auto-Zeroed to COMMON. 

Differential Input Low Side. 

Differential Input High Side. 

Differential Reference Input Positive. 


Reference Capacitor Positive. 


Reference Capacitor Negative. 
Differential Reference Input Negative. 
Positive Supply Voltage — Nominally +5 V with respect to GND (Pin 1). 
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CD4040B 
1 


RESET CLK 
11 10 


1 vt 

2 OSC CONTROL 
3 GND 

4 RRD 

5-12 

RBR1-8 


13 PE 
14 FE. 
15 OE 
16 SFD 


20 RRI 
SERIAL 
INPUT 


GND 


SERIAL 


OUTPUT 
6403 


CMOS VART PULLUP RESISTORS TO +5V 


TSC7109A 


vt 40 
REF IN — 39 
REF CAP — 38 EXTERNAL 
REF CAP + 37 REFERENCE 
REF IN + 36 O+ 
MQ 
IN Hi 35 O+ 
a CAV Bk 01 uF 5. INPUT 
COM 33 ND. uF 
INT 32 
AZ 31 
BUF 30 
REF OUT 29 
V~ 28 
RUN/HOLD 26 
OSC SEL 24 
OSC OUT 23 


OSC IN 22 


1 GND 
25 BUF OSC OUT 
2 STATUS 


° —~—— GND 


19 HBEN 


3-8 G 
B9-B12, POL, OR CIT 
9-16 

B1-B8 

17 TEST 

18 LBEN 

21 MODE 
20 CE/LOAD 


27 SEND 


Caz 
a1 .33 uF 

Rint 20K 0.2V REF 
-5V 200KN 2V REF 
+5V OR OPEN 


GND 


3.58 MHz 
CRYSTAL 


FOR LOWEST POWER CONSUMPTION, 
TBR1-TBR8 INPUTS SHOULD HAVE 100K 


TSC7109A 
CMOS A/D CONVERTER 


Figure 1: TSC7109A UART Interface. Send Any Word to UART to Transmit Latest Result. 


3 
XTAL2 


21-24 
35-38 
P20-P27 


31-34 
P14-P17 


P13 30 
P12 29 
P11 28 
P10 27 


8748/8049 
CMOS MICROCOMPUTER 


REF IN — 39 
REF CAP — 38 
REF CAP + 37 


o-~—GND 


EXTERNAL 
REFERENCE 
O+ 


REF IN + 36 
IN HI 35 

IN LO 34 
COM 33 

INT 32 

AZ 31 

BUF 30 

REF OUT 29 


° * INPUT 


"~ 


26 RUN/HOLD 
2 STATUS 

18 LBEN 

19 HBEN 

3-8 BUF OSC OUT 25 


Rint 20KQ 0.2V REF. 
200K2 2V REF. 


OSC SEL 24 
OSC OUT 23 
OSC IN 22 
MODE 21 


B9-B12, POL, OR 
9-16 
B1~B8 
20 CE/LOAD 
TSC7109A 
CMOS A/D CONVERTER 


3.58 MHz 
CRYSTAL 


Figure 2: TSC7109A Parallel Interface with 8048/8049 Microcomputer 


DETAILED DESCRIPTION 
Analog Section 


The Functional Diagram shows a block diagram of the 
Analog Section of the TSC7109A. The circuit will perform 
conversions at a rate determined by the clock frequency 
(8192 clock periods per cycle), when the 
RUN/HOLD input is left open or connected to V*. Each 
-measurement cycle is divided into four phases as shown in 
Figure 3. They are: (1) Auto-Zero (AZ), (2) Signal Integrate 
(INT), (3) Reference Deintegrate (DE), and (4). Zero 
Integrator (Zl). 


Auto-Zero Phase 


The buffer and the integrator inputs are disconnected 
from input high and input low and connected to analog 
common. The reference capacitor is charged to the 
reference voltage. A feedback loop is closed around the 
system to charge the auto-zero capacitor, Caz, to com- 
pensate for offset voltage in the buffer amplifier, integrator, 
and comparator. Since the comparator is included in the 
loop, the AZ accuracy is limited only by the noise of the 
system. The offset referred to the input is less than 10 uv. 
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Signal Integrate Phase — 


_ The buffer and integrator inputs. are removed from 
COMMON and connected to input high and input low. The 
auto-zero loop is opened. The auto-zero capacitor is 
placed in series in the loop to provide an equal and opposite 
compensating offset voltage. The differential voltage 
between input high and input low is integrated for a fixed 
time of 2048 clock periods. At the end of this phase, the 
polarity of the integrated signal is determined. If the input 
signal has no return to the converter power supply, input 
low can be tied to analog common to establish the correct 
common-mode voltage. 


De-Integrate Phase 


Input high is connected across the previously charged 


reference capacitor and input low is internally connectedto 


analog common. Circuitry within the chip ensures that the 
capacitor will be connected with the correct polarity to 
cause the integrator output to return to the zero crossing 
(established by AUTO-ZERO) with a fixed slope. The time, 
represented by the number of clock periods counted for the 
output to return to zero, is proportional to the input signal. 


Zero-Integrator Phase 


The Zl phase only occurs when an input overrange 
condition exists. The function of the ZI phase is to eliminate 
residual charge on the integrator capacitor after an over- 
range measurement. Unless removed, the residual charge 


will be transferred to the auto-zero capacitor and cause an 


error in the succeeding conversion. 


The ZI phase virtually eliminates hysterisis or “Cross 


_talk” in multiplexed systems. An overrange input on one — 


channel will not cause an error on the next channel 
measured. This feature is especially useful in thermo- 
couple measurements, where unused (or broken thermo- 
couple) inputs are pulled to the positive supply rail. 


During ZI, the reference capacitor is charged to the 
reference voltage. The signal inputs are disconnected from 
the buffer and integrator. The comparator output is 


connected to the buffer input, causing the integrator output. 


to be driven rapidly to OV (Figure 3). The ZI phase only 
occurs following an overrange and lasts for a maximum of 
1024 clock periods. 


Differential Input 


The TSC7109A has been optimized for operation with 
analog-common near digital ground. With +5 V and -5 V 
power supplies, a full +4 V full-scale integrator swing 
maximizes the analog section’s performance. | 


PRODUCT INFORMATION 


A typical CMRR of 86 dB is achieved for input 
differential voltages anywhere within the typical common- 
mode range of 1.0 Volts below the positive supply to 1.5 
Volts above the negative supply. However, for optimum 
performance the IN HI and IN LO inputs should not come 
within 2 V of either supply rail. Since the integrator also 


_ swings with the common-mode voltage, care must be 


exercised to assure the integrator output does not saturate. 
A worst case condition is near a full-scale negative 
differential input voltage with a large positive common- 
mode voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common-mode voltage. In such cases, the inte- 
grator swing can be reduced to less than the recommended 
+4 V full-scale value, with some loss of accuracy. The 
integrator output can swing to within 0.3 Volts of either 
supply without loss of linearity. 


Differential Reference 


The reference voltage can be generated anywhere 
within the power supply voltage of the converter. Rollover 
voltage is the main source of common-mode error. It is 
caused by the reference capacitor losing or gaining charge 
due to stray capacity on its nodes. With a large common- 
mode voltage, the reference capacitor can gain charge 
(increase voltage) when called upon to de-integrate a 
positive signal and lose charge (decrease voltage) when 


called upon to de-integrate a negative input signal. This 


difference in reference for (+) or (-) input voltage will cause a 
roll-over error. This error can be held to less than 0.5 count 
worst case by using a large reference capacitor in 
comparsion to the stray capacitance. To minimize roll-over 
error from these above sources keep the reference 
common-mode voltage near or at analog common. 


Digital Section 


The digital section is shown in block diagram Figure 4 
and includes the clock oscillator and scaling circuit, a 12-bit 
binary counter with output latches and TTL-compatible 
three-state output drivers, UART handshake logic, polarity, 
overrange and control logic. Logic levels are referred to as 
“low” or “high.” The actual logic levels are defined in Table 
1 “Operating Characteristics.” 


Inputs driven from TTL gates should have 3-5 KQ 
pull-up resistors added for maximum noise immunity. For 
minimum power consumption, all inputs should swing from 
GND (low) to V* (high). 
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TSC7109A 


INTEGRATOR ~ 
SATURATES 


ZERO INTEGRATOR 
PHASE FORCES 
INTEGRATOR OUTPUT 


NO ZERO CROSSING ——>| TO OV 


| 
| 
| 
| 
| 
| 
| 


INTEGRATOR 
OUTPUT FOR 
OVERRANGE 
INPUT 


| 
| | 
| | 
| ZERO CROSSING | 
POLARITY 
| DETECTED OCCURS 
INTEGRATOR | ZERO CROSSING : 
| 


OUTPUT FOR ! DETECTED 
NORMAL INPUT 


ei AZ PHASE 1 DEINT PHASE Iil —rre AZ 


“UU 


7 


STATUS OUTPUT | | ! 


| 
2048 
SoUNTS ela iieeD anne >< | nee COUNTS | 
| 


MIN. ~. . 
| fi AFTER ZERO CROSSING, 
NUMBER OF COUNTS TO ZERO CROSSING ANALOG SECTION WILL 


PROPORTIONAL TO Vin BE IN AUTOZERO 


CONFIGURATION 
Figure 3: Conversion Timing (RUN/HOLD Pin High) 


HIGH ORDER LOW ORDER 

BYTE cas BYTE OUTPUTS 
B B;}!B B B B B B B B 
10 9'8 7 6 5 4 3 2 =71 


‘a Cy Co a 
v7 i/ 8 8, 8 8, 8 &, 28, V7 4 8, NJ AJ 


9} 10] 11} 12) 13] 14) 15] 16 


14 THREE-STATE OUTPUTS 


14 LATCHES 


() CE/LOAD 


12-BIT COUNTER 


COMP OUT 


TO AZ OSCILLATOR 


ANALOG ¢ INT CONVERSION AND CLOCK 
SECTION |) DEINT(+) CONT BOE SOGIS 


DEINT(-) 
74] 


CIRCUITRY 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


1 el a. 4 AS Fudd 


STATUS RUN/ OSC OSC osc BU F 
HOLD IN OUT SEL OSC 
OUT 


Figure 4: Digital Section 
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DEINT TERMINATED 
AT ZERO CROSSING 
DETECTION 


|-AUTOZERO __] ms INT 
PHASE. | Srariein PHASE I 

INTEGRATOR | 

OUTPUT 


| MIN 1790 COUNTS | HOLD STATE 
| MAX 2041 COUNTS 


——- 7 COUNTS ————{ 


INTERNAL LATCH i j l 
STATUS OUTPUT [ | [ 


RUN/HOLD INPUT 


Figure 5: TSC7109A RUN/HOLD Operation 


STATUS Output 


During a conversion cycle, the STATUS output goes. 
high at the beginning of Signal Integrate and goes low 
one-half clock period after new data from the conversion 
has been stored in the output latches. See Figure 3. The 
signal may be used as a “‘data valid” flag to drive interrupts, 
or for monitoring the status of the converter. (Data will not 
change while STATUS is low). 


MODE Input 


The output mode of the converter is controlled by the 


MODE Input. The converter is in its “Direct” output mode, | 


when the MODE pin is low or left open. The output data is 


directly accessible under the control of the chip and byte — 


enable inputs (this input is provided with a pull-down 
resistor to ensure a low level when the pin is left open). 
When the MODE input is pulsed high, the converter enters 
the UART handshake mode and outputs the data in two 
bytes, then returns to “direct” mode. When the MODE input 


is kept high, the converter will output data inthe handshake — 


mode atthe end of every conversion cycle. With MODE =0 
(Direct BUS Transfer) the send input should be tied to V’. 
(See Handshake Mode Section). 
RUN/HOLD Input | 

With RUN/HOLD high or open, the circuit operates 


normally as a dual slope A/D as shown in Figure 3. 


Conversion cycles operate continuously with the output 
latches updated after zero crossing in the de-integrate 


mode. An internal pull-up resistor is provided to insure a | 


high level with an open input. 


The RUN/HOLD may be used to shorten conversion 
time. If the RUN/HOLD goes low at anytime after zero 
crossing in the de-integrate mode, the circuit will jump to 
auto-zero and eliminate that portion of time normally spent 
in de-integrate. 


* RUN/HOLD INPUT IS IGNORED UNTIL END OF AUTO ZERO PHASE 


_ {f RUN/HOLD stays or goes low the conversion will 
complete with minimum time in de-integrate. It will stay in 
auto-zero for the minimum time and wait in auto-zero fora 
high in the RUN/HOLD input. As shown in Figure 5, the 
STATUS ouput will go high seven clock periods after 
RUN/HOLD is changed to high, and the converter will begin 
the integrate phase of the next conversion. 


The RUN/HOLD input allows controlled conversion 
interface. The converter may be held at idle in auto-zero 
with RUN/HOLD low. The conversion is started when 
RUN/HOLD goes high and the new data is valid when the 
STATUS output goes low (or is transferred to the UART 
—see Handshake Mode.) RUN/HOLD may now go low, 
terminating deintegrate and ensuring a minimum auto-zero 
time before stopping to wait for the next conversion. 
Conversion time can.be minimized by ensuring 
RUN/HOLD goes low during deintegrate, after zero 
crossing, and goes high after the hold point is reached. The 
required activity on the RUN/HOLD input can be provided 
by connecting it to the Buffered Oscillator output. In this 
mode, the input value measured determines the conversion 
time. 


Direct Mode 


The data outputs (bits 1 through 8 loworder byte, bits 9 
through 12, polarity and overrange high order byte) are 
accessible under control of the byte and chip enable 


— terminals as inputs with the MODE pin ata low level. These 


three inputs are all active low. Internal pull-up resistors are 
provided for an inactive high level when left open. When the 


. chip enable is low, a byte enable input low will allow the 


outputs of the byte to become active. A variety of parallel 


data accessing techniques may be used, as shown in the 


section entitled “Interfacing.” (See Figure 6 and Table 3) 


The access of data should be synchronized with the 
conversion cycle by monitoring the STATUS output. This 
will prevent accessing the data while itis being updated and 
eliminate the acquisition of erroneous data.. 
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Tabel 3. TSC7109A Direct Mode Timing Requirements 


Handshake Mode 


An alternative means of interfacing the TSC7109A to 
digital systems is provided when the handshake output 
mode of the TSC7109A becomes active in controlling the 
flow of data instead of passively responding to chip and 
byte enable inputs. This mode allows a direct interface 
between the TSC7109A and industry-standard UART’s 
with no external logic required. The TSC7109A provides all 
the control and flag signals necessary to sequence the two 
bytes of data into the UART and initiate their transmission in 
serial form when triggered into the handshake mode. The 
cost of designing remote data acquisition stations is 
reduced using serial data transmission to minimize the 
number of lines to the central controlling processor. 


The MODE pin controls the handshake mode. When 
the MODE terminal is held high, the TSC7109A will enter 
the handshake mode after new data has been stored in the 
output latches at the end of every conversion performed 
(see Figures 7 and 8). Entry into the handshake mode may 
be triggered on demand by the MODE terminal. At any time 
during the conversion cycle, the low to high transition of a 


TSC7109A 


short pulse at the MODE input will cause immediate entry 
into the handshake mode. If this pulse occurs while new 
data is being stored, the entry into handshake mode is 
delayed until the data is stable. The MODE input is ignored 
in the handshake mode, and until the converter completes 
the output cycle and clears the handshake mode data 
updating will be inhibited (see Figure 9). 


When the MODE input is high or when the converter 
enters the handshake mode, the chip and byte enable 
terminals become TTL-compatible outputs which provide 
the output cycle control signals (see Figures 7, 8 and 9). 


The SEND input is used by the converter as an 
indication of the ability of the receiving device (such as a 
UART) to accept data in the handshake mode. The 
sequence of the output cycle with SEND held high is shown 
in Figure 7. The handshake mode (internal MODE high) is 
entered after the data latch pulse (the CE/LOAD, LBEN and 
HBEN terminals are active as outputs since MODE remains 
high). 


The high level at the SEND input is sensed on the 
same high to low internal clock edge. On the next low to 
high internal clock edge the high-order byte (bits 9 through 
12, POL, and OR) outputs are enabled and the CE/LOAD 
and the HBEN outputs assume a low level. The CE/LOAD 
output remains low for one full internal clock period only; the 
data outputs remain active for 1’ internal clock periods; 
and the high byte enable remains low for two clock periods. 
The CE/LOAD output low level or low to high edge may be 
used as asynchronizing signal to ensure valid data, and the 
byte enable as an output may be used as a byte identifica- 
tion flag. With SEND remaining high the converter 
completes the output cycle using CE/LOAD and LBEN 
while the low order byte outputs (bits 1 through 8) are 
activated. When both bytes are sent the handshake mode is 
terminated. The typical UART interfacing timing is shown in 
Figure 8. The SEND input is used to delay portions of the 
sequence, or handshake to ensure correct data transfer. 
This timing diagram shows an industry-standard HD6402 
or CDP1854 CMOS UART to interface to serial data 
channels. The SEND input to the TSC7109A is driven by 
the TBRE (Transmitter Buffer Register Empty) output of the 
UART, and the CE/LOAD terminal of the TSC7109A drives 
the TBRL (Transmitter Buffer Register Load) input to the 
UART. The eight transmitter Buffer Register inputs accept 
the parallel data outputs. With the UART Transmitter Buffer 
Register empty, the SEND input will be high when the 
handshake mode is entered after new data is stored. The 
high order byte outputs become active and the CE/LOAD 
and HBEN terminals will go low after SEND is sensed. 
When CE/LOAD goes high at the end of one clock period, 
the high order byte data is clocked into the UART 
Transmitter Buffer Register. The VART TBRE output will go 
low, which halts the output cycle with the HBEN output low, 
and the high order byte outputs active. When the UART has 
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transferred the data to the Transmitter Register and cleared 
the Transmitter Buffer Register, the TBRE returns high. The 
high order byte outputs are disabled on the next TSC7109A 
internal clock high to low edge, and one-half internal clock 
later, the HBEN output returns high. The CE/LOAD and 
LBEN outputs go low at the same time as the low order byte 
outputs become active. When the CE/LOAD returns high at 
the end of one clock period, the low order data is clocked 
into the UART Transmitter Buffer Register, and TBRE again 
goes low. The next TSC7109A internal clock high to low 
edge will sense when TBRE returns to a high, disabling the 
data inputs. One-half internal clock later, the handshake 
mode is cleared, and the CE/LOAD, HBEN and LBEN 
terminals return high and stay active, if MODE still remains 
high. 
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ee ew ee = THREE-STATE HIGH IMPEDANCE 


Handshake output sequences may be performed on 
demand by triggering the converter into handshake mode 
with a low to high edge on the MODE input. A handshake 
output Sequence triggered is shown in Figure 9. The SEND 
input is low when the converter enter handshake mode. The 
whole output sequence is controlled by the SEND input, 
and the sequence for the first (high order) byte is similar to 
the sequence for the second byte. 


This diagram also shows thatthe output sequence can 
take longer than a conversion cycle. New data will not be 
latched when the handshake mode is still in progress and is 
therefore lost. 
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Figure 7: TSC7109 Handshake with Send Input Held Positive 
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Figure 9: TSC7109A Handshake Triggered by Mode Input 
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| Oscillator 


: The oscillator may be overdriven, or may be operated 

as an RC or crystal oscillator. The OSCILLATOR SELECT 
input optimizes the internal configuration of the oscillator for 
RC or crystal operation. The OSCILLATOR SELECT input 
is provided with a pull-up resistor. When the OSCILLATOR 
SELECT inputis high or left open, the oscillator is configured 
for RC operation. The internal clock will be the same 
frequency and phase as the signal at the BUFFERED 
OSCILLATOR OUTPUT. Connectthe resistor and capacitor 
as in Figure 10. The circuit will oscillate at a frequency given 
by F = 0.45/RC. A-100 KQ resistor is recommended for 
useful ranges of frequency. The capacitor value should be 
chosen such that 2048 clock periods are close to an 
integral multiple of the 60 Hz period for optimum 60 Hz line 
_ rejection. 

With OSCILLATOR SELECT input low, two on-chip 
capacitors and a feedback device are added to the 
oscillator. In this configuration, the oscillator will operate 
with most crystals in the 1 to 5 MHz range with no external 
components (Figure 11). The OSCILLATOR SELECT input 
low inserts a fixed +58 divider circuit between the 
BUFFERED OSCILLATOR OUTPUT and the internal clock. 
A 3.58 MHz TV crystal gives a division ratio providing an 
integration time given by: 


T=(2048 clock periods) a 


3.58 MHz 


= 33.18 ms 


The error is less than one percent from two 60 Hz 
periods or 33.33 ms which will give better than 40 dB, 60 Hz 
rejection. The converter will operate reliably at conversion 
rates of up to 30 per second, corresponding to a clock 
frequency of 245.8 kHz. 


25 
, BUFFERED © 


Osc 
OUT 


Vt OR OPEN 


BUFFERED 


OUT 
CRYSTAL 


Figure 11: TSC7109A Crystal Oscillator 


When the oscillator is to be overdriven, the 
OSCILLATOR OUTPUT should be left open, and the 
overdriving signal should be applied at the OSCILLATOR 
INPUT. The internal clock will be of the same duty cycle, 
frequency and phases as the input signal. When the 
OSCILLATOR SELECT is at GND, the clock will be 1/58 of 
the input frequency. 


Test Input 


The counter and its outputs may be tested easily. 
When the TEST input is connected to GND, the internal 
clock is disabled, and the counter outputs are all forced into 
the high state. When the input returns to the 1/2 (V* -GND) 
voltage or to V* and one clock is input, the counter outputs 
will all be clocked to the low state. 


The counter output latches are enabled when the 
TEST input is taken to a level halfway between V* and GND 
allowing the counter contents to be examined anytime. 


Component Value Selection 


The integrator output swing for full-scale should be as 
large as possible. For example, with +5 V supplies and 
COMMON connected to GND, the nominal integrator 
output swing at full-scale is +4 V. Since the integrator 
output can go to 0.3 V from either supply without significantly 
effecting linearity, a 4 V integrator output swing allows 0.7 V 
for variations in output swing due to component value and 
oscillator tolerances. With +5 V supplies and a common- 
mode voltage range of +1 V required, the component 
values should be selected to provide +3 V integrator output 
swing. Noise and rollover errors will be slightly worse than 
in the --4 V case. For large common-mode voltage ranges, 
the integrator output swing must be reduced further. This 
will increase both noise and rollover errors. To improve the 


~ performance, -+6 V supplies may be used. 


Integrating Capacitor 


The integrating capacitor Cint should be selected to 
give the maximum integrator output voltage swing that will 
not saturate the integrator to within 0.3 volt from either 
supply. A +3.5 to +4 volt integrator output swing is nominal 
for the TSC7109A with +5 volt supplies and analog 
common connected to GND. For 7% conversions per 
second (61.72 KHz internal clock frequency) nominal 
values Cint and Caz are 0.15 uF and 0.33uF, respectively. 
These values should be changed if different clock fre- 
quencies are used to maintain the integrator output voltage 
swing. The value of Cinr is given by: 


(2048 x Clock Period) (20 yA) 


Cint = Integrator Output Voltage Swing 
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The integrating capacitor must have low dielectric 
absorption to prevent rollover errors. Polypropylene 
Capacitors give undetectable errors at reasonable cost up 
to 85°C. Teflon® capacitors are recommended for the 
military temperature range. While their dielectric absorption 
characteristics vary somewhat between units, devices may 
be selected to less than 0.5 count of error due to dielectric 
absorption. 


Integrating Resistor 


The integrator and the buffer amplifier both have a 
class A output stage with 100 uA of quiescent current. They 
supply 20 yA of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain in 
this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2.048 voltfull-scale a100 KQ 
and for 409.6 mV full-scale a 20 KQ are recommended. 
Rint may be selected for other values of full-scale by: 


ee Full-Scale Voltage 
INT OT 
20 vA 


Auto-Zero Capacitor 


As the auto-zero capacitor is made large the system 
noise is reduced. Since the TSC7109A incorporates a zero 
integrator cycle, the size of the auto-zero capacitor does 
not affect overload recovery. The optimal value of the auto- 
zero capacitor is between 2 and 4 times Cinr. A typical 
value for Caz is 0.33 uF. 


The inner foil of Caz should be connected to pin 31 and 
the outer foil to the RC summing junction. The inner foil of 
Cint should be connected to the RC summing junction and 
the outer foil to pin 32 for best rejection of stray pickup. For 
low leakage at temperatures above 85°C use Teflon® 
Capacitors. 


Reference Capacitor 


A 1 wF capacitor is recommended for most circuits. 
However, where a large common-mode voltage exists a 
larger value is required to prevent rollover error (for 
example: the reference low is not analog common) and a 
409.6 mV scale is used. The rollover error will be held to 0.5 
count with a 10 uF capacitor. For temperatures above 80°C 
use Teflon® or equivalent capacitors for their low leakage 
characteristics. 


Reference Voltage 


To generate full-scale output of 4096 counts the 
analog input required is Vin = 2 Vrer. For a 409.6 mV 
full-scale use a reference of 204.8 mV. In many applications 
where the A/D is connected to a transducer, there will exist 


a scale factor between the input voltage and the digital 
reading. For instance, in a measuring system, the designer 
might like to have a full-scale reading when the voltage for 
the transducer is 700 mV. Instead of dividing the input down 
to 409.6 mV, the designer should use the input voltage 
directly and select Vrer = 350 mV. Suitable values for 
integrating resistor and capacitor would be 34 KQ and 0.15 
LF. This makes the system slightly quieter and also avoids 
a divider network on the input. Another advantage of this 
system occurs when temperature and weight measure- 
ments with an offset or tare are desired for non-zero input. 
The offset may be introduced by connecting the voltage 
output of the transducer between common and analog high, 
and the offset voltage between common and analog low, 
observing polarities carefully. In processor-based systems 
using the TSC7109A, it may be more desirable to use 
software and perform this type of scaling or tare subtraction 
digitally. 


Reference Sources 


A major factor in the absolute accuracy of the converter 
is the stability of the reference voltage. The 12-bit resolution 
of the TSC7109A is one part in 4096, or 244 ppm. Thus, for 
the on-board reference temperature coefficient of 70 
ppm/°C a temperature difference of 3°C will introduce a 
one-bit absolute error. Where the ambient temperature is 
not controlled or where high-accuracy absolute measure- 
ments are being made it is recommended that an external 
high-quality reference be used. 


A Reference Output (Pin 29) is provided which may be 
used with a resistive divider to generate a suitable 
reference voltage. 20 mA may be sunk without significant 
variation in output voltage. A pullup bias device is provided 
which sources about 10 vA. The output voltage is nominally 


2.8 V below V*. When using the on-board reference, Ref 


Out (Pin 29) should be connected to Ref> (Pin 39), and 
Ref+ should be connected to the wiper of a precision 
potentiometer between Ref Out and V*. The test circuit 
shows the circuit for a 204.8 mV reference, generated by a 
2 KQ precision potentiometer in series with a 24 KQ fixed 
resistor. 


INTERFACING 
Direct Mode 


Combinations of chip enable and byte enable contro! 
signals which may be used when interfacing the TSC7109A 
to parallel data lines are shown in Figure 12. The CE/LOAD 
input may be tied low, allowing either byte to be controlled 
by its own enable (Figure 12A). Figure 12B shows the 
HBEN and LBEN as flag inputs, and CE/LOAD as a master 
enable, which could be the READ strobe available from 
most microprocessors. Figure 12C shows a configuration 
where the two byte enables are connected together. The 
CE/LOAD is a chip enable, and the HBEN and LBEN may 
be used as a second chip enable or connected to ground. 
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The 14 data outputs will be enabled atthe same time. In the 
direct MODE, SEND should be tied to V*. 


Figure 13 interfaces several TSC7109A's to a bus, 
ganging the HBEN and LBEN signals to several converters 
together, and using the CE/LOAD neue to select the 
- desired converter. 


Figures 14-19 give practical circuits utilizing the 
parallel three-state output capabilities of the TSC7109A. 


“MODE CE/LOAD MODE 
B9-B12 
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ANALOG 
IN 


TSC7109A 


RUN/HOLD 
CONVERT 
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GND OR 


CONTROL ' CHIP SELECT 2 
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Figure 14 shows parallel interface to the intel MCS-48, -80 
and -85 systems via an 8255 PPI, where the TSC7109A 
data outputs are active at all times. The 8155 I/O ports may 
be used in an identical manner. This interface can be used 
in an identical manner. This interface can be used in a 
read-after-update sequence, as shown in Figure 15. The 
data is accessed by the high to low transition of the 
STATUS driving an interrupt to the microprocessor. 


CHIP SELECT 


CE/LOAD MODE CE/LOAD 
B9-B12° 
POL, OR 


B1-B8 
a 


TSC7109A 


ANALOG 
IN | 


[= RUN/HOLD : 
CONVERT CONVERT 


LBEN LBEN 


BYTE FLAGS 


Figure 12: Direct Mode Chip and Byte Enable Combinations 


The RUN/HOLD input is also used to initiate con- 
versions under software control. Figure 16 gives an 
interface to Motorola MC6800 or MOS Technology 
MCS650X system. | 


An interrupt is generated through the Control Register 
B, CB1 line from the high to low transition of the STATUS 
output. The RUN/HOLD pin is controlled by CB2 through 
Control Register B, allowing software control of 
conversions. 


_ Direct interfacing to most microprocessor busses is 
easily accomplished through the three-state output of the 
TSC7109A. 


Figure 1, 17 and 18 are typical connection diagrams. 

To be sure that requirements for setup and hold times, 
minimum pulse widths, and the drive limitations on long 
busses are met, it is necessary to carefully consider the 
system timing in this type of interface. This type of interface 
is used when the memory peripheral address density is low 
providing simply address decoding. Interrupt handling can 
be simplified by using an interface to reduce the component 
count. : 
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Figure 13: Three-Stating Several TSC7109A’s to a Small Bus 
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Figure 14: Full-Time Parallel interface to MCS-48, -80, -85 Microcomputer 
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Figure 16: Full-Time Parallel Interface to MC6800 or MCS650X Microprocessors 


8-114 


12 BIT uP - COMPATIBLE A/D CONVERTER 


TSC7109A 


ADDRESS BUS 


LBEN 


B9-B12 
POL, OR 


7 /INN 


TSC7109A 
B1-B8 


ANALOG 
IN 


CE/LOAD 


RUN/HOLD 


Figure 17: Direct Interface — TSC7109A to 8080/8085 
Handshake Mode 


The handshake mode provides an interface to a wide 
variety of external devices. The byte enables may be used 
as byte identification flags or as load enables and external 
latches may be clocked by the rising edge of CE/LOAD. A 
handshake interface to Intel microprocessors using an 
8255 PPI is shown in Figure 19. The handshake operation 
with the 8255 is controlled by inverting its Input Buffer Full 
(IBF) flag to drive the SEND input to the TSC7109A, and 
using the CE/LOAD to drive the 8255 strobe. The internal 
control register of the PPI should be set in MODE 1 for the 
port used. If the 8255 IBF flag is low and the TSC71O9A is in 
handshake mode the next word will be strobed into the port. 
The stobe will cause IBF to go high (SEND goes low), which 
will keep the enabled byte outputs active. The PPI will 
generate an interrupt which when executed will result in the 
data being read. The IBF will be reset low when the byte is 
read causing the TSC7109A to sequence into the next byte. 
The MODE input to the TSC7109A is connected to the 
control line on the PPI. 


The data from every conversion will be sequenced in 
two bytes in the system, if this output is left high, or tied high 
separately. (The data access must take less time than a 
conversion). The output sequence can be obtained on 
demand if this output is made to go from low to high and the 
interrupt may be used to reset the MODE bit. 


Conversions may be obtained on command under 
software control by driving the RUN/HOLD input to the 


8008, 8080, 8085 


* MEMR or IOR 
for 8080/8228 System 


TSC7109A by a bit of the 8255. Another peripheral device 
may be serviced by the unused port of the 8255. The 8155 
may be used in a similar manner. The MCS650X 
microprocessors are shown in Figure 20 with MODE and 
RUN/HOLD tied high to save port outputs. 


The handshake mode is particularly useful for directly 
interfacing to industry standard UARTs (such as Western 
Digital TR1602) providing a means of serially transmitting 
converted data with minimum component count. 


A typical UART connection is shown in Figure 1. In 
this circuit, any word received by the UART causes the 
UART DR (Data Ready) output to go high. The MODE input 
to the TSC7109A goes high, triggering the TSC7109A into 
handshake mode. The high order byte is output to the 
UART and when the UARThas transferred the data to the 
Transmitter Register, TBRE (SEND) goes high again, LBEN 
will go high, driving the UART DRR (Data Ready Reset) 
which will signal the end of the transfer of data from the 
TSC7109A to the UART. 


An extension of the Typical Connection to several 
TSC7109A’s with one UART is shown in Figure 21. In this 
circuit, the word received by the UART (available at the 
RBR outputs when DR is high) is used to select which 
converter will handshake with the UART. Up to eight 
TSC7109A’s may interface with one UART, with no external 
components. Up to 256 converters may be accessed on 
one serial line with additional components. 
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Figure 18: Direct TSC7109A — MC6800 Bus Interface 
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Figure 19: Handshake Interface — TSC7109A to MCS-48, -80, -85 
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Figure 20: Handshake Interface — TSC7109A to MCS-6800, MCS650X 
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Figure 21: Handshake Interface for Multiplexed Converters 
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Integrating Converter Features 


The output of Integrating A/D converters represents 
the integral or average of an input voltage over a fixed 
period of time. Compared with techniques in which the input 
is sampled and held, the integrating converter will average 
the effects of noise. A second important characteristic is 
that time is used to quantise the answer, resulting in 
extemely small non-linearity errors and no missing output 
codes. The integrating converter also has very good 
rejection of frequencies whose periods are an integral 
multiple of the measurement period. This feature can be 
used to advantage in reducing line frequency noise. (Figure 
22) | | 
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Figure 22: Normal Mode Rejection of Dual-Siope 
Converter as a Function of Frequency. 
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FEATURES 
m High Accuracy — Up to 12-Bit Resolution With 
<+1/2 LSB Error 
m Tight DNL of <+1/2 LSB 
Monotonic Performance — No Missing Codes 
Monolithic CMOS Construction Gives Low Power 
Dissipation — 20 mW Typical 
= Contains All Required Active Elements — Needs 
only Passive Support Components, Reference 
Voltage and Dual Power Supply 
@ High Stability Over Full Temperature Range 
— Gain Temperature Coefficient Typically 
<25 ppm/°C 
— Zero Drift Typically <30 uV/°C 
— Differential Non-Linearity Drift Typically 
<25 ppm/°C 
m Latched Parallel Binary Outputs 
mw LPTTL, 74LS, CMOS Compatible Outputs and Con- 
trol Inputs | 
m Strobed or Free Running Conversion 
m Infinite Input Range — Any Positive Voltage Can Be 
Applied Via a Scaling Resistor 
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——-270pF eEeek OUTPUT 
lin = 10uA F.S. & DATA 


CONTROL COUNTERS LATCHES 
10082 LOGIC 


+5V 


20K 


R TSC8700 8700 8701 8702 
ADJ 
ieee TSC8701 

—5V { ) TSC8702 


— 22 BUSY 7 
ZERO = 23 DATA VALID 
ADJUST O 


13 18 7 
RREF R 100K 
2008 A ee BIAS 
GAIN (Note 1) 
ADJUST 


O 
50KL2 —5V 


Note: lS ai 
1. Any VrerF greater than -1 V can be used. 


Part No. Rabu Zero Offset Spec 
TSC8700 1.6 kQ +80 mV 
RREF = ——— TSC8700 1.0kO +50 mV 


VREF 
-20 pA 


TSC8701/8702 10k 68pF. S50 mV 
Porexaniplewitt Uaep= ov muee oso, Oates ORD SORT 
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GENERAL DESCRIPTION 


The TSC8700/8701/8702s are 8/10/12 bit mono- 
lithic CMOS analog-to-digital converters. Fully self- 
contained in a single 24-pin dual in-line package, each 
converter requires only passive support components, 
reference and power supplies. | 

Conversion is performed by an incremental 
charge balancing technique which has inherently high 
accuracy, linearity and noise. immunity. An amplifier 
integrates the sum of the unknown analog current and 
pulses of a reference current, and the number of pulses 
(charge increments) needed to maintain the amplifier 
summing junction near zero is counted. At the end of 
conversion the total count is latched into the digital 
outputs as an 8/10/12-bit binary word. 


Ordering Information 


Reso- Conv. . Temp. 
Part No. lution | Time Package Range 
TSC8700CU 8-Bit 1.25 mSec Se eee ees 
TSCB700CL_ 8 Bit. | 1.25mSec | SRN AU Ne 
TSC8701CL 10-Bit 5.0 mSec rae | oe 
‘TSC8702CN  12-Bit. ~—«- 20 mSec Pani ee 

Devices with MIL-STD-883 Processing | 

TSC8700CL/883 8-Bit 1.25 mSec — erie 
TSC8701CL/883 10-Bit 5.0 mSec aed pened | 
TSC8702CN/883 12-Bit 20 mSec mae Sse 


BINARY OUTPUT ADCs 


Pin Configuration 


BIT 11 (MSB FOR 8702) {| | 1 
BIT 9 (MSB FOR 8701) |_| 3 


BIT 7 (MSB FOR 8700) |_].5 


DIGITS | 
ouT 


16 [_] ZERO ADusT 


15 | | AMPLIFIER OUT 


BIT O(LSB) [|_| 12. 


Note: 
Do not make connections to pin 1, 2, 3 or 4 on 8700; pin 1 or 2 on 8701. 
These pins are internally connected.. 


Handling Precautions 


The 8700 series are CMOS devices must be 
handled correctly to prevent damage. Package and 
store only in conductive foam, anti-static tubes or other 
conductive material. Use proper anti-static handling 
procedures. Do not connect in circuits under “power 


_ on’ conditions, as high transients may cause permanent 


damage. 
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PRODUCT INFORMATION 


70°C for J package). 
PARAMETER CONDITIONS 


Accuracy 
Resolution 
Accuracy 


Relative Accuracy 


Differential 
Non-Linearity 
Differential Full 
Non-Linearity Temperature 
Temperature Drift Range 
Gain 
Variance 
Gain Full 
Temperature Temperature 
Drift Range 
lin =0 
Zero Offset Cint = 68 pF 
(TSC8700) Rabu = 1.6 ko. 
See Test Circuit. 
lin =0 
Zero Offset CINT = 33 pF 
(TSC8700) Rapy = 1.0 kN 
See Test Circuit. 
lin = 0 
Zero Offset Cint = 68 pF 
(TSC8701) = 
(TSC8702) Rabu = 1.0 kn 
See Test Circuit. 
zero Temperature Full Temperature 
Drift Range 
Analog Inputs 
lin Full-Scale 
IREF 
(Note 1) 
Digital Inputs Full Temperature 
VIN 
Range 
(0) Full Temperature 
VIN Range 


DEFINITION 


Binary Word Length 

Of Digital Output 
TSC8700 
TSC8701 
TSC8702 


Output Deviation From Straight 
Line Between Normalized 
Zero and Full-Scale Input 


Deviation From 1 LSB 
Between Transition Points 


Variation in Differential 
Non-Linearity Due To 
Temperature Change 


Variation From Exact A (Compen- 
sate By Trimming Rin or Rrer) 


Variation InA 
Due To 
Temperature Change 


Correction at Zero Adjust to Give 
Zero Output When Input Is Zero 
Integration Cap. = 68 pF 

Raby = 1.6 kN 


Correction at Zero Adjust to Give 
Zero Output When Input Is Zero 
Integration Cap. = 33 pF 

Raby = 1.0 kD. 

Correction at Zero Adjust to Give 
Zero Output When Input Is Zero 
Integration Cap. = 68 pF 

Raby = 1.0 kO 


Variation in Zero Offest Due to 
Temperature Change 


Full-Scale Analog Input Current 
To Achieve Specified Accuracy 
Reference Current Input To 
Achieve Specified Accuracy 
Logical “1” Input Threshold 

For Initiate Conversion Input 


Logical “0” Input Threshold 
For Initiate Conversion Input 
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MIN 


TSC8700 
TSC8701 
TSC8702 


Electrical Characteristics: Uniess otherwise specified, Vop = +5 V, Vss = -5 V, Vanb = 0, Vrer = -6.4 V, Reias = 
100kQ, test circuit shown. Ta = 25°C unless Full Temperature Range is specified (-40° C to +85° C for N and L package, 0° to 


TYP 


MAX 


+75 


+80 


+50 


+50 


+50 


UNITS 


ppm/°C 


Nominal 


ppm/° C 


mV 


mV 


mV 


uV/°C 


< 


< 


TSC8700 
TSC8701 
TSC8702 


Electrical Characteristics (Cont.) 


BINARY OUTPUT ADCs 


-PARAMETER CONDITIONS DEFINITION MIN TYP MAX UNITS 
Digital Outputs Full Temp. Range Logical “1” Output Voltage. 45 _ - V 
Vout” lout = -10 vA For Digits Out, Busy, and | 24 _ _ V 
lout = -360 pA Data Valid Outputs : 
Full Temp. Range Logical “O” Output Voitage 
Vout Vop = 4.75 V For Digits Out, Busy, and a = 0.4 V 
lout = 360 wA Data Valid Outputs 
Dynamic 


Conversion Time Full Temp. Range Time: Requiled tocPerorn One 


Complete A/D Conversion 


TSC8700 a 1.25 1.8 ms 

TSC8701 — 5 6 ms 

TSC8702 —_ 20 24 ms 

Conversion TSC8700 555 800 —_ Conv’ns 

Rate in _VINT CONV = +5 V TSC8701 167 200 — per 

Free-Run Mode TSC8702 | 42 50 — Second 
Minimum Pulse Width 

for Initiate Conversion Full Temp. Range 500 — — aS 

Supply Current | 

ON Peceage) Full Temp. Range Current Required From Positive — 1.4 2.5 ‘mA 

(J Package) VINT CONV = OV Supply During Operation — 1.4 5.0 mA 

TW Pec ce) Full Temp. Range Current Required From Negative —_ -1.4 -2.5 mA 

(J Package) VINIT CONV = OV Supply During Operation — -1.4 -5.0 mA 

ee Change in Full-Scale Gain vs 
+ + oe + + 0 
Supply Sensitivity Vpp + 1V, Vss +1.V Supply Voltage Change +0.5 +1.0 Yo/\V 
\Vop|=|Vss}=5 V +1 - Change in Full-Scale Gain vs Supply = +0.05 +01 %/\V 


Voltage Change for Tracking Supplies 


NOTE: 

lin and IREF pins connect to the summing junction of an operational amplifier. 
Voltage sources cannot be attached directly but must be buffered by external 
resistors. See Test Circuit. 


period to maintain the charge balance is counted, and the 
result (in Binary) is latched into the outputs at the end of 
conversion. 


Circuit Description 


During conversion the sum of a continuous current lin and 
pulses of a reference current IREF is integrated for a fixed 


number of clock periods. lin is proportional to the analog 
input voltage; IREF is switched in for exactly one clock period 
just frequently enough to maintain the output of the integra- 
tor near zero. Thus, the charge from the continuous lin 
current is balanced against the pulses of IREF current. The 
total number of IREF pulses needed during the conversion 


The converter contains two counters and aclock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock 
counter which (after a reset pulse) starts counting clock 
pulses; when the required count is reached, the clock coun- 
ter generates a pulse to start the end-of-conversion routine. 
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Timing Diagrams (Rise, fall times = 200 ns typ., CL = 50 pF) 


CLOCKED MODE 


INITIATE } 
CONVERSION Yj, yy yyy 


OH y 
DIGITS GSK A 


OUT CHANGING? 


CONVERSION TIME 


The other counter is a data counter, which is reset synchron- 
ously with the clock counter and counts the number of times 
the IREF current is switched into the summing input of the 
amplifier during the period defined by the clock counter. 


When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10 us (times given 
are approximate) start up cycle begins. The integrating 
capacitor is discharged and both counters are reset during 
this start up period. Conversion begins at the end of the reset 
pulse and ends with a pulse generated either by the clock 
counter or by an overflow condition in the data counter. This 
pulse disables further inputs into both counters and triggers 
a 10 ws shutdown cycle. During the shutdown cycle Data 
Valid goes low for 5 us. This binary sequence is shown in the 
timing diagrams. Busy is true high, and when the circuit is 
busy, Initiate Conversion has no effect and may be high or 
low. Data Valid is also true high. The data from a conversion 
remain valid for as long as power is applied to the circuit or 
until Data Valid falls at the end ofa subsequent conversion, at 
which time the output data are updated to reflect the latest 
conversion. 


Pin Functions 
Initiate Conversion Input 


Accepts CMOS and most 5 V logic inputs. Applying a logic 
“1” to the Initiate Conversion pin initiates the A/D conversion 
cycle. Once conversion has been initiated, the cycle cannot 
be interrupted, and the Initiate Conversion pin is disabled 
until conversion is complete. Two modes of operation are 
permitted, clocked or free-running. For clocked operation 
the Initiate Conversion input is held at logic “0” for standby 
and taken to logic “1” when a conversion is desired. For free- 
running operation the Initiate Conversion pin is connected to 
Vpp or similar permanent logic “1” voltage. 


Busy Output 


A digital status output which is compatible with CMOS logic 
and low power TTL (can sink and source 500 pA). A logic “1” 
output on the Busy pin indicates a conversion cycle is in 


FREE-RUN MODE 
-e----———a 2 .).OOD 


: 


process. A logic “1” to logic “0” transition indicates that con- 
version is complete and the result has been latched at the 
Digits Out pins. A logic “0” to logic “1” transition indicates a 
new conversion cycle has been initiated. If the device is 
operating in the free-running mode, the Busy output will 
remain low for approximately 2.5 us, marking the completion 
and initiation of consecutive conversion cycles. 


Data Valid Output 


A digital status which is compatible with CMOS logic and low 
power TTL (can sink and source 50 vA). A logic “1” output at 
the Data Valid pin indicates that the Digits Out pins are 
latched with the result of the last conversion cycle. The Data 
Valid output goes to logic “O” approximately 5 us before the 
completion of a conversion cycle. During this 5 us interval 
new data is being transferred to the Digits Out pins, and the 
Digits Out are not valid. 


Digits Out 
(Bit 0, Bit 1, etc.) 


The binary digit outputs which are the result of the A/D con- 
version. These outputs are CMOS logic and low power TTL 
compatible. 


Applications Information 
Input/Output Relationships 
The analog input voltage (VIN) is related to the output by the 
transfer equation: 
VIN: A+ RREF 
Rin - VREF 


Digital Counts = 


A = 528 for 8700 
A = 2064 for 8701 
A = 8208 for 8702 


where Digital Counts is the value of the binary output word 
presented at Digits Out pins in response to VIN. 
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The digital output code format is as follows: 


Analog Digital 
input | Output 
MSB LSB 
Vin = Full-Scale bige WL eae 
= Full-Scale -1 LSB Wt conte VET se aoae | 
=1LSB 0...000...1 
<0 0...000...0 


Two’s complement coding can be generated by inverting the 


Most Significant Bit (MSB) signal. 


External Component Selection 


Obtaining a high accuracy conversion system depends on 
the voltage regulation of VreF and the thermal stability of Rin 
and Rrer. The exact dependence is given by the transfer 
function. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Vpp and Vss. The supply con- 
nections Vpp and Vss should have bypass capacitors of value 
0.1 wF or larger right at the device pins. 


Rin, Rer 


Values of these components are chosen to give a full-scale 
input current of approximately 10 uA and a reference current 
of approximately -20 yA. 


Rin = Vin Full-Scale Race = VREF 
10 pA | -20 pA 
Examples: 
Rin= OV =1MQ © Rrer= 20:4 =320k0 
10 pA -20 pA 


Note that these values are approximations, and the exact 
relationships are defined by the transfer equation. In prac- 
tice, the value of Rin typically would be trimmed using the 
optional gain adjust circuit to obtain full-scale output at VIN 
Full-Scale (see adjustment procedure). Metal film resistors 
with 1% tolerance or better are recommended for high accu- 
racy applications because of their thermal stability and low 
noise generation. 


RBIAS 


Specifications for the TSC87XX are based on Rapias = 100 kn 
+10% unless otherwise noted. However, there are instances 
_when the designer may want to change this resistor in order 
to affect the conversion time and the supply current. By 
decreasing Raias the A/D will convert much faster and the 


supply current will be higher. (For example: When Reias is" 


20 k the conversion time is reduced by 1/3, and the supply 
current will increase from 2 mA to 7 mA.) Likewise, if the 


_ BINARY OUTPUT ADCs 


Raias is increased the conversion time will be longer and the 
supply current will be much lower. (For example: When Reiss 
= 1 MN the conversion time will be six times longer, and the 
supply current is now reduced to .5 mA). For details of this 
relationship refer to AN 9 typical performance curves. 


RDAMP > 


Exact value not critical but should have a nominal value of. 
100 1 +10%. Locate close to pin 14. 


CpampP 


Exact value not critical but should have a nominal value of 
270 pF +20%. Locate close to pin 14. 


CINT 


Exact value not critical but should have a nominal value of 
68 pF +10%. Low leakage types are recommended, although 
mica or ceramic devices can be used in applications where 
their temperature limits are not exceeded. Locate as close as 
possible to pins 14, 15. For the TSC8700 Cint = 33 pF is 
adequate with Raby = 1.0 kf. 


VREF 


A negative reference voltage must be supplied. This may be 
obtained from a constant current source circuit or from the 
negative supply. | 


Vop, Vss 


Power supplies of +5 V are recommended, with 0.05% line | 
and load regulation and 0.1 uF decoupling capacitors. 


Adjustment Procedure 


The test circuit diagram shows optional circuits for trimming 
the zero location and full-scale gain. Because the digital out- 
puts remain constant outside of the normal operating range 
(i.e. below zero and above full-scale), it is recommended that 
transition points be used in setting the zero and full-scale 
values. Recommended procedure is as follows: 7 


@ Set the initiate conversion control high to provide free-run 
operation and verify that converter is operating. 


® Set Vin to +1/2 LSB and trim the zero adjust circuit to 
obtain a 000...000...to 000... 001 transition. This will 
correctly locate the zeroend. > 


® For full-scale adjustment, set Vin to the full-scale value 
less 1 1/2 LSB and trim the gain adjust circuit for 
aii1...110to 111... 111 transition. . 


If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. — 
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Typical Circuits 
Reference Voltage Supply 


+5V +5% 


7905 
REGULATOR 


TO Rref (100K) 


FOR 8700 
741C OR 


EQUIV. 


—5V +5% 


-5 V Reference -2 V Reference for 8700 Using Voltages Derived From 8080A ,.P 


Power Reduction (Reduces Power Consumption to Approximately 500 A). 


CONTROL « 


LOOK AMS (TTL INPUT) 


SYSTEM 
REMOTE 


—12V —5V 


Switch Controlled - Relay TTL System-Controlled — Trades Off Additional Power 
Could be Substituted for Switch Consumption at System for Reduced Usage at Remote A/D 


Free-Running Conversion Rate Control 


MULTIVIBRATOR 
74004 0,001uF 


Multivibrator circuit at Pin 21 (Initiate Conversion) 
strobes converter at rates slower than the normal 


free-run mode. (7 = R,C,) 
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Bipolar Operation 


—VREF 


VINo 


(+10V) 


—VREFO 


Vin © 


BINARY OUTPUT ADCs 


ROFFSET 


Vo 2mMa 
741 OR +5uA Uy eR aes eas eee te 
EQUIV. | 
| 
| 
—5 TO +5uA —> 14 ~ | 
—_—— _-4—> ~ | 
IN ! > pany “Segre 
(2MQ) —~-—--44- 
Ro RDAMP L 
Vo=- Rr (VREF) 
Cpamp TSC8700 SERIES 
Two's complement coding may be generated 
by inverting the MSB output. 
Offset Binary 
+5V 
©) 
R 
REF . ; a era soe 
| 
sisal 
Sh 
Rj 
N 15 | 
LAPIS peng am ae eee ae 4 


16 
—--- +7 
ZS RDAMP = 
1N4148 _. 
(3) = 
Cpamp “~~ 
MV5054* an Pua 
_ 4. A/D CONVERTER 
o SIGN BIT 
LOGIC OUTPUT 
(1=+,0=-) 
2N2222 
844 0R OR EQUIV. 


EQUIV. 


*Optional visual indication of negative input 


Magnitude-and-Sign Binary 
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12-Bit Serial or 3 x 4-Bit Parallel Output Format 


CLOCK | | | | | | | | | | | | | 


12 CLOCK PULSES FOR 12 BIT SERIAL OUT 


a ee 
oo a 
—__-- 


oO Jerep 


————— 4 cLockK ———>}—— 4CLOCK = 


PULSES PULSES 


sequal 
| —____—_+| 


System reads parallel outputs at clock pulse 1, 5, 9. 
Shift/load may be taken low when Data Valid goes high or at fixed time ti, after INIT CONV (t1 = 24 ms for TSC8702). Shift/load then must return high before 
clock pulse 2 and must remain high until all data is read out. Recommended clock frequency 2 kHz min for serial, 750 Hz min for parallel output. 

INIT 


PONY SHIFT/ 


LOAD Q CLOCK 


S/L CK 


D 74C195 


“~~ 


TSC8702 


sO 


12 (LSB) 7 S/LCK 
4-BIT 
D 74C195 Q PARALLEL 
OUT 


sO 


O O 
DATA VALID SERIAL OUT 
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Digital Temperature Monitor 


Typically 10K min. This resistor should be 
chosen for the proper loading R,_ of the 
LX5700A. 


1 This resistor is adjusted to give a full scale 
LX5700A ; ; OUTPUTS reading of 10.00V for the A/D. 


is set to give minimum offset. The value is 
approximately equal to Ro || R4. 


1M typical. This resistor is adjusted to give 
full scale gain for the A/D. 

7.5KQ. Rg = (Vt — 6.8) x 10732. 

The value of VpeF is chosen to set the 
temperature range desired. 


8-Bit Microprocessor Interface 


1/0 PORT 
8080 SYSTEM SELECT/DECODE 
LOGIC 


ADDRESS BUS (16) 
DATA BUS (8) 
CONTROL BUS 
WAIT 


REQUEST % 74.01 % 74002 


ACTIVE LOW 


TSC8700 8212 


A/D 
1/0 PORT DATA LINES (8) 


INIT 
conv Vpo 
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TYPICAL PERFORMANCE CURVES 


CONVERSION TIME 


CONVERSION TIME 


vs TEMPERATURE 
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a WW ne 
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Hd 


1.4 


JWIL NOISHAANOO 
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6 Se CS ee ee 
680 6s Os el ee Ee (00 2 ee ee ee 
LUO ee eee 
ON 20 eee 


a5. 20 ee ee 
ae 0) Te ee ee 


~” 
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oO i) 
fe 
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> 
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G3ZIIVNYON 


TEMPERATURE (°C) 


Reias(OHMS) 


SUPPLY CURRENT 
vs SUPPLY VOLTAGE 


oor BENG TIME 
s SUPPL 


-.Y VOLTAGE 


mo +r ON OF 


(yw)SS; ‘dG; 


AJWIL NOISHSANOO9 
GaZIIVWYON 


Vss( VOLTS ) 


VpD= 


Vss(VOLTS) 


Vpp= 
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'@) 
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TYPICAL PERFORMANCE CURVES 


VOH (VOLTS) 


VOL (VOLTS) 


_ LINEARITY ERROR (LSB) 


OUTPUT SOURCE CURRENT 
vs TEMPERATURE 


Bia: 
fi 


4.5 
4 
3.5 
3 
2.5 
2 \ 
1 1 10 
lOH(mA) 
OUTPUT SINK CURRENT 
_. vS TEMPERATURE 
| veel CT 
=—5V 
- oe 
1.0 ae 
ue | 
75 
5 
.25 fied 
i — 
1 1 10 
lot (mA) 


LINEARITY VS Iper 


till . 
TL tie 


i aoa — 

VIA Cint ee 

mor S8pF iii of TT 
i} 


Vane 
i Hr LAU Pa 
PsoopF Tit TTT 


2 5 10 20 50 100 200 500 


IREF(WHA) 
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~ Vat (voLTs) YOH (VOLTS) 


- NORMALIZED PROP. . 
DELAY —is 


‘COMM 


7 So 


BINARY OUTPUT ADCs 


~ OUTPUT SOURCE CURRENT 


vs SUPPLY VOLTAGE ~ 


Vpp = 7V 
Vss =-7V 


gee lll 


CHE Nh 


z 


IOH(MA) 


OUTPUT SINK CURRENT 
vs SUPPLY VOLTAGE 


DD = 7V 
Vss =-7V 


lOL(mA) 


TRI-STATE PROPAGATION 


6 
—55-25 0 25 50 75 100 125 


TEMPERATURE (°C) 


“9~e TELEDYNE 


SEMICONDUCTOR 


The Analog Signal Processing Company™ 


BINARY OUTPUT ADCs 


Test Circuit 


INITIATE 
CONVERSION 
O 


mg 


Rin 
9) 


VIN © 
— —-270pF 
WN=10uA FS. ~ O 
10092 


+5V 


100K — 


. O 

1.6KQ2 TSC8703 
ae R TSC8704 
5V ADJ TSC8705 


ZERO = 
ADJUST} (NOTE 2) 


13 18 17 
R 

2008 aie Reias 2 100K = 
(Note 1) 


GAIN* 
ADJUST 


e 
50K22 ¢ —5V 
© 
VREF 
Note: 


1. Any Vrer greater than -1 V can be used. 


VREF 
-20 pA 
For example with Vrer = -5 V, Rrer = 250 k. 


RREF = 


TSC8703 
TSC8704 
TSC8705 


FEATURES 


m High Accuracy — Up to 12 Bit Resolution With 
<+1/2 LSB Error 

m Monotonic Performance — No Missing Codes 

m Monolithic CMOS Construction Gives Low Power 
Dissipation — 20 mW Typical 

m Contains All Required Active Elements — Needs 
only Passive Support Components, Reference 
Voltage and Dual Power Supply 

@ High Stability Over Full Temperature Range 
— Gain Temperature Coefficient Typically 

<25 ppm/°C 
— Zero Drift Typically <30 uv/°C 
— Differential Non-Linearity Drift Typically 
<25 ppm/°C 

m Latched Parallel Binary Outputs | 

mg LPTTL, 74LS, CMOS Compatible Outputs and Con- 
trol Inputs 

m Strobed or Free Running Conversion 

= Infinite Input Range — Any Positive Voltage Can Be 
Applied Via a Scaling Resistor 


BINARY OUTPUTS 


& DATA OUTPUT 
CONTROL COUNTERS LATCHES 
LOGIC 


8703 8704 8705 
24 ENABLE 
22 BUSY ‘ 
23 DATAVALID : 


2. 


Part No. 
TSC8703 
TSC8703 
TSC8704/8705 
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Rabu 
1.6 ko 
1.0 ko 
1.0 ko 


Zero Offset Spec 
+80 mV 
+50 mV 
+50 mV 


TSC8703 
TSC8704 
TSC8705 


GENERAL DESCRIPTION 
| The TSC8703/8704/8705 are 8/10/12 bit mono- 


ee iste ‘uli Reso- Conv. Temp. 
lithic CMOS analog-to-digital converters. Fully self- Part No. lution Time Package Range 
contained in a single 24-pin dual in-line package, each Pes fae 
converter requires only passive support components, TSC8703CJ -8-Bit ‘1.25 mSec eer ae 
reference and power supplies: | ——= : 7 
Conversion is performed by an incremental TSC8703CL 8-Bit 1.25 mSec — ie 
charge balancing technique which has inherently high : 
accuracy, linearity and noise immunity. An amplifier TSC8703BL 8-Bit. . 1.25 mSec ones rs 
integrates the sum of the unknown analog current and . dbs 
pulses of a reference current, and the number of pulses TSC8704CJ 10-Bit 5.0 mSec 24-Pin’ — 0°C to 
(charge increments) needed to maintain the amplifier Plastic Dip +70°C 
summing junction near zero is counted. At the end of TSC8704CL 10-Bit 5.0 mSec 24-Pin ~-40°C to 
conversion the total count is latched into the digital CerDIP_—_—-+85°C 
outputs as an 8/0/12 bit binary word. The Output TSC8704BL ‘tt, sep ieee 24-Pin -55 C to 
Enable control switches the outputs to.a high impe- | CerDIP_ -_+125°C 
dance or off state when held high. The off state allows  84- Pi ° 
| g : TSC8705CJ eB Ome Hen 
bus organized output connections. | _ Plastic Dip —- +70°C 
| | 24-Pin -40°C to 
Pin Configuration ieeereCNs eae eeeee: Ceramic +85°C 
: . | 24-Pin -55°C to 
TSC8705BN 12-Bit 20 mSec Ae, eines 
BIT 11 (MSB FOR 8705) |_| 1 24 |_| OUTPUT ENABLE Devices with MIL-STD-883 Processing 
23 | | DATA VALID 24-Pin 55°C to 
TSC8703BL/883 8-Bit. 1.25 mSec : 
BIT 9 (MSB FOR 8704)[_| 3 CerDIP +125°C 
a1 LS INIVISTE CONVERSION TSC8704BL/883 10-Bit 5.0 mSec eels. S02 ee 
“BIT 7 (MSB FOR 8703) [| 5 ae eiaohe 
24-Pin -55°C to 
TSC8705BN/883 12-Bit 20 mSec Baie: apesG 


16 | | ZERO ADJUST 


_ Ordering Information 


Handling Precautions 
The 8700 series are CMOS devices must be 


BINARY OUTPUT ADCs 


15 [| AMPLIFIER OUT 


handled correctly to prevent damage. Package and 
store only in conductive foam, anti-static tubes or other 
conductive material. Use proper anti-static handling 
procedures. Do not connect in circuits under “power 
on’ conditions, as high transients may cause permanent 
damage. 


BIT o(LSB) | | 12 


Note: . 
Do not make connections to pin 1, 2,3 or 4 on 8703; pin 1 or 2 on 
8704. These pins are internally connected. 
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PRODUCT INFORMATION 


Absolute Maximum Ratings 


LN tase cee dere aad babe ly werd eer eevee +10 mA 

Storage Temperature ................. ~65°C to + 150°C [RER 465d eae ees sae aw saw ae es eng eaiak +10 mA 

Operating Temperature Digital Input Voltage ................ -0.3 to Vop +0.3 V 

(BESBN roche re bossa aeeee qn -55°C to +125°C Operating Vpop and Vss Range .............. 3.5 Vto7V 

(CLL): PACKAGE. ii co2 oh clita scents ~40°C to + 85°C Package Dissipation .....6ccsvecsieccciceciones 500 mW 

(Cd) Package: wait occa vsceeeleetecen 0° to + 70°C Lead Temperature ............ cece ccc eee e ee eeee 300° C 
VOD EVGS: Aeiacs iene one ce Cavey ede wae cans Oe Eten 18 V (Soldering, 10 seconds) 


Electrical Characteristics: Unless otherwise specified, Vop = +5 V, Vss = -5 V, Vanp = 0, Vrer = -6.4 V, Reias = 
100 kQ, test circuit shown. Ta = 25°C unless Full Temperature Range is specified (-55° C to +125°C for BN and BL package, 
-40°C to +85°C for CL package, 0° to 70°C for CJ package). 


CJ/CN BN/BL 


PARAMETER CONDITIONS DEFINITION MIN TYP MAX MAX UNITS 
Accuracy 
Resolution Binary Word Length 
Accuracy Of Digital Output 
TSC8703 8 _ _ — Bits 
TSC8704 10 — — — Bits 
TSC8705 12 _ — _ Bits 
Output Deviation From Straight 
Relative Accuracy Line Between Normalized = +1/4 +1/2 +1/2 LSB 
Zero and Full-Scale Input 
TSC8705CU (Only) — 1.0 +15 LSB 
Differential Deviation From 1 LSB ms + a qe 
Non-Linearity Between Transition Points a ae =e BoP 
Differential Full Variation in Differential 
Non-Linearity Temperature Non-Linearity Due To = £2.5 +5 +5 ppm/°C 
Temperature Drift Range Temperature Change 
Gain Variation From Exact A (Compen- +0 +5 +5 % of 
Variance sate By Trimming Rin or RreF) ~ i — Nominal 
Gain Full Variation InA 
Temperature Temperature Due To — +25 +75 +80 ppm/°C 
Drift Range Temperature Change 
lin = 0 Correction at Zero Adjust to Give 
Zero Offset CintT = 68 pF Zero Output When Input Is Zero 
: — _ +80 +80 mV 
(TSC8703) Raps = 1.6 kN Integration Cap. = 68 pF 
See Test Circuit. Rabu = 1.6 kO. 
lin = 0 Correction at Zero Adjust to Give 
Zero Offset CinT = 33 pF Zero Output When Input Is Zero _ +10 +50 +50 mV 
(TSC8703) Raby = 1.0 kQO Integration Cap. = 33 pF 
See Test Circuit. Rapdy = 1.0 kD 
lin = 0 Correction at Zero Adjust to Give 
Zero Offset a. 
(TSC8704) Sa s sna aie ou When ee Is Zero +10 +50 +50 my 
(TSC8705) ADJ = 1.0 KO - ntegration Cap. = p 
See Test Circuit. Raby = 1.0 kn 
Zero Temperature Full Temperature Variation in Zero Offest Due to 2 +3 +5 +8 ppm/?C 


Drift Range Temperature Change 
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TS 8703 BINARY OUTPUT ADCs 
TSC8704 


TSC8705 


Electrical Characteristics (Cont.) 


prec | | CJ/CN BN/B é 
PARAMETER CONDITIONS DEFINITION MIN TYP MAX MAX UNITS 
Analog inputs 

i Full-Scale Analog Input Current _ = _ 
HIN Bull Scale To Achieve Specified Accuracy WwW a 
IREF Reference Current Input To aa 20 = _ A 
(Note 1) Achieve Specified Accuracy . 
ieee a Full Temperature Logical “1” Input Threshold 35 _ = _ V 
Range | For Initiate Conversion Input 
(0) Full Temperature Logical “O” Input Threshold _ _ 
VIN Range For Initiate Conversion Input Ve Me ¥ 
Propagation Delay . | 
Output Enable - CL = 100 pF, RL =1 KN TPLH, TPHL — 500 — 1,000 ns 
Digital Outputs OE =35V | 
lo(OFF) 0.4V < Vc <2.4 Off-state Output Current — 0.1 +10 +10 pA 
Full Temp. Range Logical “1” Output Voltage 45 _ ae - V 
Vout” lout = -10 pA For Digits Out, Busy, and oA = — = V 
lout = -500 pA Data Valid Outputs ; 
Full Temp. Range Logical “0” Output Voltage 
Vout” Vop = 4.75 V For Digits Out, Busy, and oa 0.4 0.4 V 
louT = 500 pA © Data Valid Outputs 
Dynamic , ; | 
Conversion Time Full Temp. Range cane iat one 
TSC8703 — 1.25 1.8 1.8 ms 
TSC8704 _ 5 6 6 ms 
TSC8705 —_ 20 24 24 ms 
Conversion TSC8703 555 800 — —  Conv’ns 
Rate in VINT CONV=+5V TSC8704 167 200 = = per 
'Free-Run Mode TSC8705 42 50 — — Second 
Minimum Pulse Width . = 
for Initiate Conversion ee eee _ a he 
Supply Current | 
EN Pee Full Temp. Range Current Required From Positive = 1.4 2.5 3.5 mA 
(J Package) VINT CONV = OV Supply During Operation —_ 1.4 5.0 mA 
Tones Full Temp. Range Current Required From Negative aaa -1.6 -2.5 -3.5 mA 
(J Package) VINIT CONV = OV Supply During Operation — -1.6 -5.0 mA 
Supply Sensitivity Vop + 1 V, Vss +1 V hale : ee Cunae “ — +405 +10 +10 %/V 
\Vpp|=|Vss|=5V+1Vy Change inFull-ScaleGainvsSupply = __ 40.1 +04 %/V 


NOTE: 


Voltage Change for Tracking Supplies 


lin and !REF pins connect to the summing junction of an operational amplifier. 
Voltage sources cannot be attached directly but must be buffered by external 


resistors. See Test Circuit. 
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PRODUCT INFORMATION 


Circuit Description 


During conversion the sum of a continuous current lin and 
pulses of a reference current IREF is integrated for a fixed 
number of clock periods. lin is proportional to the analog 
input voltage; IREF is switched in for exactly one clock period 
just frequently enough to maintain the output of the integra- 
tor near zero. Thus, the charge from the continuous IIn 
current is balanced against the pulses of IREF current. The 
total number of IREF pulses needed during the conversion 
period to maintain the charge balance is counted, and the 
result (in Binary) is latched into the outputs at the end of the 
conversion. 


The converter contains two counters and aclock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock 
counter which (after a reset pulse) starts counting clock 
pulses; when the required count is reached, the clock coun- 
ter generates a pulse to start the end-of-conversion routine. 
The other counter is a data counter, which is reset synchron- 
ously with the clock counter and counts the number of times 


TSC8703 
TSC8704 
TSC8705 


the IREF current is switched into the summing input of the 
amplifier during the period defined by the clock counter. 


When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10 us (times given 
are approximate) start up cycle begins. The integrating 
capacitor is discharged and both counters are reset during 
this start up period. Conversion begins at the end of the reset 
pulse and ends with a pulse generated either by the clock 
counter or by an overflow condition in the data counter. This 
pulse disables further inputs into both counters and triggers 
a 10 us shutdown cycle. During the shutdown cycle Data 
Valid goes low for 5 us. This binary sequence is shown in the 
timing diagrams. Busy is true high, and when the circuit is 
busy, Initiate Conversion has no effect and may be high or 
low. Data Valid is also true high. The data from a conversion 
remain valid for as long as power is applied to the circuit or 
until Data Valid falls at the end of asubsequent conversion, at 
which time the output data are updated to reflect the latest 
conversion. 


Timing Diagrams (Rise, fall times = 200 ns typ., CL = 50 pF) 


CLOCKED MODE 


Vv 
INITIATE 


CONVERSION RE 


YY 7, DON'T CA 
Me, ULI d 


OH 
DIGITS 
OUT 


CONVERSION TIME 


FREE-RUN MODE 
be? 


G 
V- DATA 
CHANGING 4 
RECYCLE 
~—— CONVERSION TIME 
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BINARY OUTPUT ADCs 


Pin Functions | 
initiate Conversion Input 
Accepts CMOS and most 5 V logic inputs. Applying a logic 


“1” to the Initiate Conversion pin initiates the A/D conversion 
cycle. Once conversion has been initiated, the cycle cannot 


be interrupted, and the Initiate Conversion pin is disabled 
until Conversion is complete. Two modes of operation are 
permitted, clocked or free-running. For clocked operation 
the Initiate Conversion input is held at logic “0” for standby 
and taken to logic “1” when a conversion is desired. For free- 
running operation the Initiate Conversion pin is connected to 
Vpp or similar permanent logic “1” voltage. 


Busy Output 


A digital status output which is compatible with CMOS logic 
and low power TTL (can sink and source 500 pA). A logic “1” 
output on the Busy pin indicates a conversion cycle is in 
process. A logic “1” to logic “0” transition indicates that con- 
version is complete and the result has been latched at the 
Digits Out pins. A logic “O” to logic “1” transition indicates a 
new conversion cycle has been initiated. If the device is 
Operating in the free-running mode, the Busy output will 
remain low for approximately 2.5 us, marking the completion 
and initiation of consecutive conversion cycles. 


Data Valid Output 


A digital status which is compatible with CMOS logic and low 
power TTL (can sink and source 50 pA). A logic “1” output at 
the Data Valid pin indicates that the Digits Out pins are 
latched with the result of the last conversion cycle. The Data 
Valid output goes to logic “O” approximately 5 us before the 
completion of a conversion cycle. During this 5 us interval 
new data is being transferred to the Digits Out pins, and the 
Digits Out are not valid. 


Digits Out 
(Bit 0, Bit 1, etc.) 


The binary digit outputs which are the result of the A/D con- 
version. These outputs 2 are CMOS logic and low power TTL 
compatible. : 


Applications Information 
Input/Output Relationships 


The analog input voltage (VIN) is related to the output by the 
transfer equation: 


Vin: A> RREF 
RIN * VREF 


Digital Counts = 


A = 528 for 8703 
A = 2064 for 8704 
A = 8208 for 8705 


where Digital Counts is the value of the binary output word 
presented at Digits Out pins in response to VIN. 


The digital output code format is as follows: 


Analog a Digital 
Input eee Output 
| | | MSB LSB 
ViN< Full-Scale. | Digs EM asad 
= Full-Scale -1 LSB y (eee Ce i eee | 
=1LSB . O...000...1 
<0 0...000...0 


Two's complement coding can be generated by inverting the 
Most Significant Bit (MSB) signal. 


External onpenent Selection 


Obtaining a high accuracy conversion system depends on 
the voltage regulation of VREF and the thermal stability of Rin 
and Rrer. The exact dependence is given by the transfer 
function. System accuracy also depends, to a lesser degree, 
on the voltage regulation of Vpp and Vss. The supply con- 
nections Vpp.and Vss should have bypass capacitors of value 
0.1 uF or larger right at the device pins. 


Rin, REF 


Values of these components are chosen to give a full-scale 
input current of approximately 10 uA and a reference current 
of approximately -20 pA. 


Bin Vin Full-Scale ApEee VREF 
10 pA -20 pA 
Examples: 
Rin= 20% =1M0 — Rrer= 204 VY =320k0 
10 pA -20 pA 


Note that these values are approximations, and the exact 
relationships are defined by the transfer equation. In prac- 


tice, the value of Rin typically would be trimmed using the 


optional gain adjust circuit to obtain full-scale output at VIN 
full-scale (see adjustment procedure). Metal film resistors 
with 1% tolerance or better are recommended for high accu- 
racy applications because of their thermal stability and low 


‘noise generation. 


RBIAS 


Specifications for the 87XX are based on Rpias = 100 kO 
+10% unless otherwise noted. However, there are instances 
when the designer may want to change this resistor in order 
to affect the conversion time and the supply current. By 
decreasing Reiss the A/D will convert much faster and the 
supply current will be higher. (For example: When Raias is 
20 k the conversion time is reduced by 1/3, and the supply 
current will increase from 2 mA to 7 mA.) Likewise, if the 
Reias is increased the conversion time will be longer and the 
supply current will be much lower. (For example: When Raias 
= 1 m0 the conversion time will be six times longer, and 
supply current is now reduced to .5 mA). For details of this 
relationship refer to ANY typical performance curves. 
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PRODUCT INFORMATION 


Applications Information (Cont.) 


RDAMP 


Exact value not critical but should have a nominal value of 
100 © +10%. Locate close to pin 14. 


CpAMP 


Exact value not critical but should have a nominal value of 
270 pF +20%. Locate close to pin 14. 


CINT 


Exact value not critical but should have a nominal value of 
68 pF + 10%. Low leakage types are recommended, although 
mica or ceramic devices can be used in applications where 
their temperature limits are not exceeded. Locate as close as 
possible to pins 14, 15. For the TSC8703 Cint = 33 pF is ade- 
quate with Raby = 1 kN. 


VREF 


A negative reference voltage must be supplied. This may be 
obtained from a constant current source circuit or from the 
negative supply. 


TSC8705 Interface to MC6821 PIA 


MC6821 


TO 
MC6809 
u-PROCESSOR 


TO 6809 uP 
INTERRUPT 
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Vpp, Vss 


Power supplies of +5 V are recommended, with 0.05% line 
and load regulation and 0.1 wF decoupling capacitors. 


Adjustment Procedure 


The test circuit diagram shows optional circuits for trimming 
the zero location and full-scale gain. Because the digital out- 
puts remain constant outside of the normal operating range 
(i.e. below zero and above full-scale), it is recommended that 
transition points be used in setting the zero and full-scale 
values. Recommended procedure is as follows: 


® Set the initiate conversion control high to provide free-run 
Operation and verify that converter is operating. 


® Set Vin to +1/2 LSB and trim the zero adjust circuit to 
obtain a 000...000...to 000...001 transition. This will 
correctly locate the zero end. 


® For full-scale adjustment, set Vin to the full-scale value 
less 1 1/2 LSB and trim the gain adjust circuit for 
aiii...110 to 111... 111 transition. 


If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 


TSC8703 7 BINARY OUTPUT ADCs 
TSC8704 

TSC8705, 

Application/Design Circuits 

Bipolar Speraven (+ and -Inputs) 


+5V 
REF © , se 
| ! 
: ee Serer 
R 
IN ee 
| | 
| 
| | 
14 
-— —— ~~ 
& mS i 
16 a —e-—- 
Rpamp e 
c 4~ 
oL, mvso54* i DAMP TSC8700 SERIES 
o SIGN BIT 


LOGIC OUTPUT 


Vin © : (1=+,0=-) 
, 2N2222 
7410R OR EQUIV. 


EQUIV. LL 


*Optional visual indication of negative input 
NOTE: Values for R should be between 10K and 100KQ 


Absolute Value Circuit With Sign 


8-Bit Microprocessor Interface 


"~ 
TSC8703 
8 BIT A/D 


INITIATE DATA 
ENABLE CONVERSION VALID BUSY 


DATA 1/0 BUS 


MICROPROCESSOR 
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PRODUCT INFORMATION 


TYPICAL PERFORMANCE CURVES 


CONVERSION TIME 


CONVERSION TIME 


vs TEMPERATURE 
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OUTPUT SOURCE CURRENT OUTPUT SOURCE CURRENT 
vs TEMPERATURE vs SUPPLY VOLTAGE | 


8 
A ee 
7 PH SS nit| 
ee oo 6 
” 7 
2 a ie __|vss,= 
Oo oO 
= = 
= r 4 
Oo 
> 2 3 
2 
h 
_* Hl 
| 1 | 1 | 10 
lOH(mA) IOH(MA) 
OUTPUT SINK CURRENT OUTPUT SINK CURRENT 
vs TEMPERATURE | vs SUPPLY VOLTAGE 
1.5 1.5 
veel VIII 
-—5V 
ie as Frit Cael 
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a =) 
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Application/Design Circuits (Cont.) 
Reference Voltage Supply 


+5V +5% 


TO Rr_eg (100K2) 
FOR 8700 SERIES 


7" 
TSC901 


~—5V +5% 


2 V Reference Voltage Using Voltages Derived from 8080A uP. 


Package Information 


24-Pin Plastic Dip (J Package) 24-Pin Ceramic Dip (N Package) 
(Package #12) (Package #13) 


oes 


-150 MIN. 


24-Pin CerDIP (L Package) 
(Package #14) 


Ha 
aeelies, 
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ENGINEER: —__ ___ DEPT: ___ 
PROJECT: “DATE: - 


_ DESCRIPTION 
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Section 9 
Voltage to Frequency 
Frequency to Voltage 
Converters 


9e TELEDYNE 
_ SEMICONDUCTOR TSC9400 
The Analog Signal Processing Company™ TS C9 401 


TSC9402 


VOLTAGE TO FREQUENCY/ | 
FREQUENCY TO VOLTAGE CONVERTERS 


FEATURES 

VOLTAGE-TO-FREQUENCY 

m@ 1 Hz to 100 kHz Operation 

m Choice Guaranteed Linearity: 

— TSC9401 0.01% 

— TSC9400 0.05% 

— TSC9402 0.25% 

+25 ppm/°C Typical Gain Temperature Stability 
Open Collector Output 

Output Can Interface with Any Form of Logic 
Pulse and Square Wave Outputs 
Programmable Scale Factor 

Low Power Dissipation (27 mW Typ.) 

Single Supply Operation (8 V to 15 V) 

Dual Supply Operation (+4 V to +7.5V) 
Current or Voltage Input 


FREQUENCY-TO-VOLTAGE 
m DC to 100 kHz Operation 
m Choice of Guaranteed Linearity: 
— TSC9401 0.02% 
— TSC9400 0.05% 
— TSC9402 0.25% 
mg Op Amp Output 
m Programmable Scale Factor 
m High Input Impedance (>10 MQ) 
m Accepts Any Voltage Wave Shape 
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GENERAL DESCRIPTION 
The TSC9400/9401/9402 are low cost Voltage- 


to-Frequency converters combining Bipolar and CMOS | 


technology on the same substrate. The converters 
accept a variable analog input signal and generate an 
output pulse train whose frequency is linearly propor- 
tional to the input voltage. 

The devices can also be used as highly accurate 
Frequency-to-Voltage converters, accepting virtually 
any input frequency waveform and providing a linearly 
proportional voltage output. 

A complete V/F or F/V system requires the 
addition of two capacitors, three resistors and reference 
voltage. . 


Applications | 
Voltage-to-Frequency _ 

Temperature Sensing and Control 
uP Data Acquisition : 
Instrumentation 
13-Bit A/D Converters 
Digital Panel Meters | 
Analog Data Transmission and Rasording 
Phase Locked Loops 
Medical Isolation 
Transducer Encoding 
Alternate to 555 Astable Timer — 


Frequency-to-Voltage 

Frequency Me ele lee hOmeler z 
Speedometers 

Analog Data Transmission and Recording 
Medical Isolation 

Motor Control 

RPM Indicator 

FM Demodulation 

Frequency Multiplier/Divider 

Flow Measurement and Control 


VOLTAGE TO FREQUENCY/ 


FREQUENCY TO VOLTAGE CONVERTERS 


Ordering Information 


Linearity . Temperature 
Part No. (V/F) Package Range 
TSC9400CJ 0.05% 14-Pin Plastic Dip 0°C to +70°C 
TSC9400CL 0.05% 14-Pin CerDIP  -40°C to +85°C 
TSC9400COD 0.05% 14-Pin SO 0°C to +70°C 
TSC9401CJ 0.01% 14-Pin Plastic Dip 0°C to +70°C 
TSC9401CL 0.01% .. 14-Pin CerDIP -40°C to +85°C 
TSC9402CJ 0.25% 14-Pin Plastic Dip 0°C to +70°C 
TSC9402CL. =: 0.25% . 14-Pin CerDIP -40°C to +85°C 


Pin Configuration (SO and DIP) 


ZERO ADJUST | J 2 


a we, 13 Bivkes 
inl} 3 ~ 12. ] AMPLIFIER OUT 


11. ] COMPARATOR IN 
Veer ouTLJ§ 5 10 {_] FREQ/2 OUT 
9 [ ] ouTPUT COMMON 


87] PULSE FREQ. OUT 


14-Pin SO 


ZERO ADJUST [_] 2 ae |_| N.c. 
linL | 3 127 | AMPLIFIER OUT 
11. |] COMPARATOR IN 
Veer our] 5 10 [_] FREQ/2 OUT 
9 { |] ouTPUT COMMON 


8 [] PULSE FREQ. OUT 


HANDLING PRECAUTIONS: The TSC9400 Series are 
CMOS Bipolar devices and must be handled correctly 
to prevent damage. Package and store only in conduc- 
tive foam, anti-static tubes or other conductive material. 
Use proper anti-static handling procedures. Do not 
connect in circuits under “power on” conditions, as 
high transients may Cause permanent damage. 


PRODUCT INFORMATION 


Absolute Maximum Ratings 


Storage Temperature 
Operating Temperature 


oer eor ero eee eee eee 


Ui PaACKAGe Ssiincrand Vente s 4uleauuainnsy 0°C to 70°C 
lL PaCkaGe: acurisades eiaadanee sence -40°C to +85°C 
VOD VSS. cou tectatterrate tithe iergaedee ee 18 V 


TSC9400 
TSC9401 
TSC9402 


Didi xcca ce athig tke paw BAe eee ena ee eewle yet eee eek 10 mA 
Vout Max -VouT Common ......... ce cece eee tenes 25 V 
WREP EV SS. 1g ebns Kiowa a cunaw wee els mate oan aia erate -15V 
Package Dissipation ............. cece eee eee eee 500 mW 
Lead Temperature (Soldering, 10 sec) ........... 300° C 


Electrical Characteristics, V/F Mode: unless otherwise specified, Vop = +5 V, Vss =-5 V, Vanp = 0, VreF=-5V, 
Reias = 100 kf), Full-Scale = 10 kHz. Ta = 25°C unless Full Temperature Range is specified -40°C to +85°C for L package, 


0°C to 70°C for J package. 


VOLTAGE-TO-FREQUENCY TSC9401 TSC9400 TSC9402 
PARAMETER DEFINITION MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Accuracy 
Linearity 10 kHz Output Deviation From Straight — 0.004 0.01 — 0.01 0.05 — 0.05 0.25 % Full- 
Line Between Normalized Zero Scale 
Linearity 100 kHz sng eulinseale apa — 004 008 — O01 025 — 025 050 % Full- 
Scale 
Gain Temperature Variation in Gain A due to — +295 +40 — +25 +40 — +50 +100 Ee 
Drift (Note 1) Temperature Change ~ a a ‘4 Se S 
cale 
Variation from Exact A % of 
Gain Variance Compensate by Trimming — +10 — — +10 ~~ — +10 = , 
Nominal 
Rin, VReF, Or CREF 
Zero Offset Correction at Zero Adjust for Zero e. Ee ee: ce — +90 + 
(Note 2) Output When Input is Zero =e ue AQ: (S08 eee ee ie 
Zero Temperature Variation in Zero Offset Due 4 aos pe 4 _ 4eQ 4 é 
Drift (Note 1) to Temperature Change at geene eae Hee, EO eae) 2100 ae 
Analog Inputs 
5 Full-Scale Analog Input Current _ -_ _ _ _ 
lin Full-Scale to Achieve Specified Accuracy <7 310 10 _ HA 
lin Overrange Overrange Current — — 50 — — 50 — — 50 pA 
Response Time Settling Time to 0.01% Full-Scale me 2 = = Zo = OF ne Cycles 
Digital Outputs 
VsaT @ lot = 10 pA Logical “O” Output Voltage — — 0.4 — — 04 — — 04 V 
(Note 3) 
Vout Max — Voltage Range Between __ -_ 
Vout Common (Note 4) Output and Common ae eee = = deo ee ¥ 
Pulse Frequency _ _ _ 
Output Width — 3.0 _ — 3.0 3.0 Sec 
Supply Current 
lop Quiescent Current Required From Positive 
(L Package) (Note 9) Supply During Operation — 20 4.0 — 20 4.0 — — — mA 
. (J Package) — 20 6.0 — 20 6.0 — 3.0 10.0 mA 
Iss Quiescent Current Required From Negative 
(L Package) (Note 10) Supply During Operation — -1.5 -4.0 — -15 -4.0 ~_ — — mA 
(J Package) — -15 -6.0 — -1.5 -6.0 — ~-3.0 -10.0 mA 
Vppb Supply Operating Range of 
Positive Supply 4.0 — 75 4.0 — 75 4.0 — 75 V 
Vss Supply Operating Range of 
Negative Supply -4.0 — -75 -4.0 — -7.5 -4.0 — -7.5 V 
Reference Voltage 
VrEF -Vss Range of Voltage Reference Input ~1.0 — — -1.0 _ — -1.0 — — V 
Notes: 
1. Full temperature range 8. Re 22 ko). 
2. lin = 0. 9. Full temperature range. Vin = -0.1 V. 
3. Full temperature range. lout = 10 mA. 10. Vin == -0.1 V. 
4. lout = 10 pA 11. lin connects the summing junction of an operational amplifier. Voitage 
5. 10 Hz to 100 kHz. sources cannot be attached directly but must be buffered by external 
6. 5 us min. positive pulse width and 0.5 ws min. negative pulse width. resistors. 
7. Tr = te = 20 ns. 


TSC9400 
TSC9401 
TSC9402 


V/F Circuit Description 


[INPUT] in 


VIN O 


0-—10V 
510K 


—5V 


OFFSET 
ADJUST 


Notes: 


2| OFFSET 


VOLTAGE TO FREQUENCY/ 
FREQUENCY TO VOLTAGE CONVERTERS 


OUTPUT 
COMMON 


+" 


TSC94XX 


1. To adjust fmin, set Vin = 10 mV and adjust the 50 k offset for 10 Hz out. 

2. To adjust fmax, set Vin = 10 V and adjust Rin or Vrer for 10 kHz out. 

3. To increase fout MAX to 100 kHz change Crer to 27 pF and Cint to 75 pF. 

4. For high performance applications use high stability components for Rin, 
Crer, Vrer (metal film resistors and glass film capacitors). Also separate 
the output ground (Pin 9) from the input ground (Pin 6). 


Figure 2: Output Waveforms 
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PRODUCT INFORMATION 


V/F Circuit Description (Cont.) 


The TSC9400 V/F Converter operates on the principal of 
charge balancing. The input voltage (Vin) is converted toa 
current (lin) by the input resistor. This current is then conver- 
ted to a charge by the integrating capacitor and shows up as 
linearly decreasing voltage at the output of the op amp. The 
zero crossing of the output is sensed by the comparator 
causing the reference voltage to be applied to the reference 
capacitor for a time period long enough to virtually charge 
the capacitor to the reference voltage. This action reduces 
the charge on the integrating capacitor by a fixed amount 
(q = CreF X VREF) Causing the op amp output to step up a 
finite amount. 


At the end of the charging period, Crer is shorted out dissi- 
pating the stored reference charge so that when the output 
again crosses zero, the system is ready to recycle. In this 
manner, the continued discharging of the integrating capaci- 
tor by the input is balanced out by fixed charges from the 
reference voltage. As the input voltage is increased, the 
number of reference pulses required to maintain balance 
increases causing the output frequency to also increase. 
Since each charge increment is fixed the increase in fre- 
quency with voltage is near. In addition, the accuracy of the 
output pulses does not directly effect the linearity of the V/F. 
It must simply be long enough for full charge transfer to take 
place. 


The TSC9400 contains a “self-start” circuit to assure that the 
V/F will always operate properly when power is first applied. 
In the event that during “Power-on” the op amp output is 
below the comparator threshold and Crer is already charged, 
a positive voltage step will not occur. The op amp output will 
continue to decrease until it crosses the -2.5 volt threshold of 
the “self-start” comparator. When this happens a resistor is 
connected to the op amp input causing the output to quickly 
go positive until the TSC9400 is once again in its normal opera- 
ting mode. 


The TSC9400 utilizes both bipolar and MOS transistors on the 
same substrate, taking advantage of the best features of each. 
MOS transistors are used at the inputs to reduce offset and 
bias currents. Bipolar transistors are used in the op amp, for 
high gain, and on all outputs for excellent current driving 
capabilities, CMOS logic is used throughout to minimize 
power consumption. 


Pin Functions 
Comparator Input 


In the V/F mode, this input is connected to the amplifier out- 
put (Pin 12) and triggers the 3 usec pulse delay when the 
input voltage passes its threshold. In the F/V mode, the input 
frequency is applied to the comparator input. 


Pulse Freq Out 


This output is an open-collector bipolar transistor providing 
a pulse wafeform whose frequency is proportional to the 
input voltage. This output requires a pull up resistor and 
interfaces directly with MOS, CMOS and TTL logic. 


TSC9400 
TSC9401 
TSC9402 


This output is an open-collector bipolar transistor providing 
a square wave that is one-half the frequency of the pulse 
frequency Output. This output requires a pull up resistor and 
interfaces directly with MOS, CMOS, and TTL logic. 


Output Common 


The emitters of both the freq/2 out and the puls freq out are 
connected to this pin. An output level swing from the collec- 
tor voltage to ground or to the Vss supply may be obtained by 
connecting to the appropriate point. 


RBIAS 
Specifications for the TSC9400 are based on Rpias = 100 k 


+ 10% unless otherwise noted. Raeias may be varied between 
the range of 82 k < Raias < 120 k. 


Amplifier Out 


The output stage of the operational amplifier. A negative 
going ramp signal is available at this pin in the V/F mode. In 
the F/V mode a voltage proportional to the frequency input is 
generated. 


Zero Adjust 


The non-inverting input of the operational amplifier. The low 
frequency set point is determined by adjusting the voltage at 
this pin. 


LIN 


The inverting input of the operational amplifier and the 
summing junction when connected in the V/F mode. An input 
current of 10 uA ts specified for nominal full-scale but an 
overrange Current up to 50 wA can be used without detrimen- 
tal effect to the circuit operation. 


VREF 


A reference voltage from either a precision source or the Vss 
supply may be applied to this pin. Accuracy will be depen- 
dent on the voltage regulation and temperature characteristics 
of the circuitry. 


Vrer OUT 


The charging current for Crer is derived from the internal 
circuitry and switched by the break-before-make switch to 
this pin. 


V/F Design Information 
Input/Output Relationships 


The output frequency is related to the analog input voltage 
(Vin) by the transfer equation: 


VIN x 1 
Rin (VREF) 


fo 


(CREF) 


Frequency Out = 


TSC9400, 
TSC9401 
TSC9402 


V/F Design Information (Cont.) 
External Component Selection 
Rin | | 


The value of this component is chosen to givea full-scale input 
current of approximately 10 vA. 


Example: 


zo eae. ss 1G 


. 10 pA 10 wA 

Note that the value is an approximation, and the exact relation- 
ship is defined by the transfer equation. In practice, the value 
of Rin typically would be trimmed to obtain full-scale fre- 
quency at Vin Full-Scale (see adjustment procedure). Metal 
film resistors with 1% tolerance or better are recommended for 
high accuracy applications because of their thermal stability 
and low noise generation. 


Rin = RIN = 


CINT 


Exact value not critical but is related to Crer by the relation- 
ship: 


3CrefF S Cint S 10CREF 


Improved stability and linearity is obtained when Cint < 
4Crer. Low leakage types are recommended although mica 
and ceramic devices can be used in applications where their 
temperature limits are not exceeded. Locate as close as 
possible to pins 12 and 13. 


CREF 


Exact value not critical and may be used to trim the full-scale 
frequency (See input/output relation). Glass film or air 
trimmer capacitors are recommended because of their sta- 
bility and low leakage. Locate as close as possible to pins 
5 and 3. 


Vop, Vss 


Power supplies of +5 V are recommended. For high accuracy 
requirement 0.05% line and load regulation and 0.1 uF disc 
decoupling capacitors located near the pins are recom- 
mended. 


Adjustment Procedure 


Figure 1 shows a Circuit for trimming the zero location. Full- 
scale may be trimmed by adjusting Rin, VrRer, or Crer. 
Recommended procedure is as follows fora 10 kHz full-scale 
frequency. 


1. Set Vin to 10 mV and trim the zero adjust circuit to obtaina 
10 Hz output frequency. 


2. Set Vin to 10.000 V and trim either Rin, Vrer, or Crer to 
obtain a 10 KHz output frequency. 


If adjustjments are performed in this order, there should be 
no interaction and they should not have to be repeated. 
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VOLTAGE TO FREQUENCY/ 


FREQUENCY TO VOLTAGE CONVERTERS 


LL. 
a 
N 
o 
+ 
ry 
= 
u.. 
Lud 
is 
© 


29° 23-24-25 
Veer (VOLTS) 


Figure 3: Recommended Crer vs VREF 


V/F Single Supply Operation 


-NOTE: 

See Also the 
TSC7660 
°fout Data Sheet; 


vt= 8V TO 15V 


10K 


9 four /2 


(V2-V7) (Crer} 
7 {Vin-V2)  (Vt-Va) 


ly = + 
IN Rin (.9Ry +.2R4) 


"~ 


TSC9400 V/F 


Figure 5: Variable Voltage — Single Supply Operation . 


PRODUCT INFORMATION 


10V to 15V 


mal 


TSC9400 V/F 


Electrical Characteristics, F/V Mode: 


TSC9400 
TSC9401 
TSC9402 


+5 V Operating Circuit from 
Single +5 V Supply. 


Figure 6: Single Variable Supply Voltage with 
Offset and Gain Adjust 


Unless otherwise specified, Vop = +5 V, Vss = -5 V, Vanp =0, VaeF=-5V, 


Reias = 100 kQ), Full-Scale = 10 kHz. Ta= 25° C unless Full Temperature Range is specified -40° C to +85° C for L package, 0° C to 


70°C for J package. 


FREQUENCY-TO-VOLTAGE ~TSC9401 TSC9400 TSC9402 
PARAMETER DEFINITION MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 
Accuracy Deviation From Ideal Transfer 
Non-Linearity Function as a Percentage — 0.01 0.02 — 0.02 0.05 — 0.05 0.25 % Full- 
(Note 5) Full-Scale Voltage 7 Scale 
Input Frequency Frequency Range for = = = 
Range (Note 6) Specified Non-Linearity 10 1K 10 100" eo ier Me 
Frequency Inputs 
Positive Excursion Voltage Required to Turn 
(Note 7) Comparator On 0.4 — Vpp 0.4 — Vpp 0.4 — Vpp V 
Negative Voltage Required to Turn = _ = S _ _ 7 i : 
Excursion (Note 7) Comparator Off 0.4 e 04 2 ae 2 
Min. Positive Time Between Threshold -i 
Pulse Width (Note 7) Crossings Bee vee Se RS Bee oe te 
Min. Negative Time Between Threshold _ = _ a 
Pulse Width (Note 7) | Crossings oe WR ee ae o MS 
Input Impedance 10 — — 10 — — 10 — — MQ 
Analog Outputs 
Output voltage Voltage Range of Op Amp Output . 
(Note 8) for Specified Non-Linearity —Vpp-1 _ —Vpp-1 — —Vpp-1 a V 
Output Loading Resistive Loading at Output 
of Op Amp 2k —_ — 2k — — 2k — _ D 
Supply Current 
Ipp Quiescent Current Required From Positive 
(L Package) (Note 9) Supply During Operation — 20 4.0 — 20 4.0 — — — mA 
(J Package) — 20 60 — 20 6.0 — 3.0 10.0 mA 
Iss Quiescent Current Required From Negative 
(L Package) (Note 10) Supply During Operation — -1.5 -4.0 — -1.5 -4.0 —_ _~ mA 
(J Package) — -1.5 -6.0 — -15 -6.0 — -3.0 -10.0 mA 
Vpop Supply Operating Range of 
Positive Supply 4.0 —- 7.5 4.0 — 7.5 4.0 —~ 75 V 
Vss Supply Operating Range of 
Negative Supply -4.0 — -7.5 -4.0 — --75 -4.0 — 7.5 V 
Reference Voltage 
Vrer -Vss Range of Voltage Reference Input -1.0 canes -1.0 — — -1.0 = — V 
Notes: 7. Tr = tp = 20 ns. 
1. Full temperature range 8. RL22kQ. 
2.4N=0. | 9. Full temperature range. Vin = -0.1 V. 
3. Full temperature range. lout = 10 mA. 10. Vin = -0.1 V. 
4. louT = 10 pA 11. lin connects the summing junction of an operational amplifier. Voltage 
5. 10 Hz to 100 kHz. sources cannot be attached directly but must be buffered by external 
6. 5 us min. positive pulse width and 0.5 us min. negative pulse width. resistors. 
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TSC9400 VOLTAGE TO FREQUENCY/ 


TSC9401 : FREQUENCY TO VOLTAGE CONVERTERS 


Tsc9402 


*OPTIONAL IF 
outPuT | . BUFFER IS NEEDED 
COMMON 19 


CREF 
66pF SEE NOTE BELOW 


Figure 7: DC — 10 kHz F/V Converter 


F/V Circuit Description | When TSC9400 is used in the single supply mode, VreF is 
) defined as the voltage difference between Pin 7 and Pin 2. 
_The TSC9400, when used as a frequency to voltage converter, 


generates an output voltage which is linearly proportional to 
the input frequency wave form. . . Input Voltage Levels 


Each zero crossing at the comparator’s input causes a precise The input signal must cross through zero in order to trip the 


amount of charge (q = CreF X VrEF) to be dispensed into the comparator. In order to overcome the hysteresis the ampli- 
Oop amp’s summing junction. This charge in turn flows through tude must be greater than +200 mV. 

the feedback resistor generating voltage pulses at the output If only a unipolar input signal (Fin) is available, it is recom- 
of the op amp. A capacitor (CintT) across Rint averages these mended that either an offset circuit using resistor be used or 
pulses into a DC voltage which is linearly proportional to the that the signal be coupled in a via a capacitor. 


input frequency. For 100 kHz maximum input Rint should be decreased to 


F/V Design Information 100 kQ. 
Input/Output Relationships 


The output voltage is related to the input frequency (Fin) by LPL tw ml Finco— be" 
the transfer equation: 


Vout = | Vaer CREF Rint | Fin 


The response time to a change in Fin is equal to (Rint Cnt). 
The amount of ripple on Vout is inversely proportional to 
Cint and the Input Frequency. 


NOTE: Crer should be increased for low Fin max. Adjust 
Crer so that Vo is approximately 2.5 to 3.0 volts for the | 
| maximum input frequency. When Fin maxis less than 1 kHz, 
_ CiNT Can be increased to lower the ripple. 1 wF to 100 wF are the duty cycle should be greater than 20% to insure that Crer — 
. perfectly acceptable values for low frequencies. ; is fully charged and discharged. 
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PRODUCT INFORMATION 


F/V Design Information (Cont.) 
Input Buffer 


fo and fo/2 are not used in the F/V mode. However, these 
outputs may be useful for some applications, such a buffer 
to feed additional circuitry. Fo will then follow the input 
frequency wave form; except that fo will go high 3 us after 
Fin goes high. fo/2 will be square wave with a frequency of 
one half fo. 


if these outputs are not use, then Pins 8, 9and 10 may be left 
floating or connected to ground. 


[>] 85s MIN 


[75.05 MIN 


-evay = 3us 


Figure 8: F/V Digital Outputs 


10V TO 15V 
] NOTE: 
See Also 
TSC7660 
Data Sheet; 


Figure 9: F/V Single Supply 


Notes: 

1. The input is now referenced to 6.2 V (Pin 6). The input signal must therefore 
be restricted to be greater than 4 volts (Pin 6 -2 V) and less than 10 to 15 V 
(Vpp). 

If the signal is AC coupled then a resistor (100 k to 10 m{Q) must be placed 

between the input (Pin 11) and Pin 6. 


2. The output will now be referenced to Pin 6 which is at 6.2 V(Vz). For fre- 
quency meter applications a 1 mA meter with a series scaling resistor can be 
placed across Pins 6 and 12. 


The sawtooth ripple which is on the output of an F/V can be 
eliminated without affecting the F/V’s response time by using 
the circuit in Figure 10. The circuit has a DC gain of +1. Any 
AC components such as a ripple are amplified both posi- 
tively, via the lower path, and negatively, via the upper path. 
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TSC9400 
TSC9401 
TSC9402 


When both paths have the same gain, the AC ripple is can- 
celled. The amount of cancellation is directly proportional to 
gain matching. If the two paths are matched within 10%, then 
the ripple will be lowered by 1/10. For 1% matching, the ripple 
is lowered by 1/100. The 10 k potentiometer is used to make 
the gain equal in both paths. This circuit is insensitive to both 
frequency changes and to signal wave shape. 


oP AMP 


NET OUTPUT 


Figure 10: F/V Ripple Eliminator 


F/V Power-On Reset 


In the F/V mode, the TSC9400 output voltage will occasionally 
be at its maximum value when power is first applied. This con- 
dition will remain until the first pulse is applied to the Fin input. 
In most frequency-measurement applications this is not a 
problem, because proper operation begins as soon as the 
frequency input is applied. 


In some cases, however, the TSC9400 output must be zero at 
power-on without a frequency input. In such cases, a capacitor 
connected from Pin 11 to Vpp will usually be sufficient to pulse 
the TSC9400 and provide a power on reset (Figure 11a). Where 
predictable power-on operation is critical, a more complicated 
circuit, such as Figure 11b, may be required. 


INPUT 1k 


INPUT finy 


Figure 11 


Section 10 
Display Drivers 


“97° TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


ee FS OF 4) \ 
FOUR DIGIT LED DISPLAY DECODER AND DRIVER 


FEATURES 


m@ High Drive Current for High Luminance LED Display 
mw Guaranteed High LED Segment Current: 11 mA 
Minimum 

28 Common Anode LED Drivers (4 Digits) 

Code B Output Format...0to9, —, E, H, L, PR “blank” 
BCD/Binary Input to Seven Segment LED Code 
Four Separate Digit Selects for Multiplexed Input 
Digital or Analog Brightness Control 

Digital Display Enable 

Low Thermal Resistance Package 

Military Temperature Range Devices Available 

Pin Compatible With TSC7212A, ICM7212A 


FUNCTIONAL DIAGRAM 


DIGIT 4 DIGIT 2 DIGIT 1 
SEGMENT OUTPUTS 


~ 
coum —{_ Seouenn iat 
DRIVERS 5 +5 V 
GND O-—> 


7 
GNO oO} 
DATA 
aon 
4TO7 LINE 


COMMON eee 
ANODE fs 


= TS 


O TO TSC700A 
DIGIT O DIGIT SELECT OUTPUTS 
SELECT LOGIC AND 

ONE SHOT STROBE “Limits Package Power Dissipation 
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FOUR DIGIT LED DISPLAY DECODER AND 
DRIVER 


TSC700A 


GENERAL DESCRIPTION 


The TSC700A drives common anode LED 
displays with 28 high current, open-drain N channel 
output transistors. Four seven segment LED displays 
may be driven. Drive current is guaranteed to be 11 mA 
minimum. This is twice the minimum drive current 
available from comparable devices and will provide 
high LED luminance. High luminous intensity is an 
important factor when a dark contrasting background 
is unavailable or the LED is viewed at a distance. The 
TSC700A current capability makes it an ideal large 
character LED driver. 

Four data bit inputs and four digit select 
signals permit interfacing to multiplexed BCD or binary 
output devices. The four bit data input is decoded into 
the seven segment alphanumeric code known as 
“Code B”. A0 to 9, —, E, H, L, Por “blank” reading may 
be displayed. 

An added feature includes a rightness control 
input that adjusts segment drive current. The control 
pin may also be used as a digital display enable. The 


TSC700A is an improved pin compatible and functional - 


equivalent to the ICM7212A and TSC7212A. 
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Ordering Information 


LED 
Temp. Segment Output 
Part No. Package Range Current Code 
TES700AMUJL* ern 55°C to +125°C 14mA CodeB 
CerDIP 
tsc700AiuLs 4PIN _b60¢ to 485°C += 14 mA_Code B 
CerDIP 
TSC700A/Y CHIP 25°C 14mA Code B 


* Add /BI to part number suffix for 160 hour, +125°C burn-in. 


Pin Configuration 


MSD 


o1GiT 
SELECT 
INPUTS 


LSD 


TSC700A 


MSB 


DATA 
INPUTS 


If Brightness Control is not needed, connect BRT (pin 5) to Vg. 


PRODUCT INFORMATION 


Absolute Maximum Ratings (Notes 1, 2) 


Power Dissipation ...... i lord iach gua wieAe wa hee eee *1.0W Maximum Chip Temperature ...............05. +150°C 
SUDDPIY VONAGE 6:55 oo sci edece saws eoeuwe eens cues 6.5V Storage Temperature. ................ ~55°C to +150°C 
Input Voltage (Any Terminal) Vs + 0.3 V to Ground -0.3 V Lead Temperature (10 Sec) .......... 2... cee eee 300°C 


Operating Temperature 
M VerSion .......... 0. ccc cee ee eee -55°C to +125°C 
U VERSION 7 ccescs ec hoes wees -25°C to +85°C 


* To 85°C, See Derating Curve on Page 4 for operation above 85°C. 


Electrical Characteristics: Specifications measured with Vs = 5.0 V at Ta = 25°C. 


TEST TSC700A 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
D 
L : 1 ISEG Segmiennon Test Circuit 11 14 18 mA 
E l Current 
pv | S t 
E 2 ISLK eae es +0.01 +1.0 4wA 
Leakage 
R 
3 Vin Logic “1” Input 3.0 - _ y, 
Voltage 
! ~ Logic “0” Input 
— —_ 1.0 V 
N ‘ VIL Voltage 
5 IN Input Current Pins 27-34 — +0.01 +1.0 wA 
T Digital 
6 CIN Input Pins 27-34 — 5 — pF 
Capacitance 
Brightness 
7 CBR Input — 200 — pF 
Capacitance 
Digit Select See Timing i _ 
tpw Pulse Width Diagram ve oe 
; Data See Timing 
9 tos Setup — — 100 ns 
M : 
' Time Diagram 
N Data Hold See Timing 
a 0 aa 
G “ pe Time Diagram os 
Inter-Digit See Timing 
— — S 
ie nee Select Time Diagram ae e 
Operating 
P 12 Vs Supply Voltage 4 5 6 V 
oO Range 
E 13 Is Supply Current Display OFF — — 50 HA 
R 
Operating Pin 5, 27-34 at 
440 — mA 
_ lop Current GND, Display all “8's” 
Notes: 


1. Functional operation above the absolute maximum stress ratings is not 


2. Static Sensitive device. Unused devices must be stored in conductive _ 


implied. material to protect devices from static discharge and static fields. 
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FOUR DIGIT LED DISPLAY DECODER AND 
DRIVER 


TSC700A 


Output Pin Description and Function 


OUTPUT TERMINAL FUNCTION _ OUTPUT TERMINAL FUNCTION 
- Al 37 A Segment Dr. Digit 1 (LSD) “AS. .. 138 ©. A Segment Dr. Digit 3. 
B1 38 B B3 14 B 
C1 39 Cc. C3 15 C 
D1 40 D | D3 ‘16 D 
E1 2 E E3 17 E 
F1 4 F F3 19 F 
G1 3 G G3 18 Go | i 
A2 6 . A Segment Dr. Digit2 | A4 2. 20. A Segment Dr. Digit4 = (MSD) 
B2 —T<« <B * B4 21 B li | 
C2 8 C C4 22 C 
D2 AS) D D4 — 23 ..D 
E2 10 E 7 | E4 24 2 E 
F2 12 F F4 26 F 
G2 110 G G4 25 G 


Input Pin Description and Function 


INPUT © TERMINAL FUNCTION 
BO | 27 Ones (Least Significant) 
Bi. 28 Twos ce — 
Be 39 == POU DATA INPUTS BITS 
B3 30 Eights (Most Significant) 
D1 | 31 D1 (Least Significant) Digit Select 
D2 32 D2 Digit Select 
D3 33 D3 Digit Select 
D4 34 D4 (Most Significant) Digit Select — 
BRT 5 Brightness Control: Logic 1 = ON 


Logic 0 = OFF . 
See. Typical Characteristic Curve for Ilseq Vs 
Brightness Control Voltage 


Timing Diagram 


t=0 SS 
DIGIT | 
SELEcT OV 
, 7 . tpw 


“tos 


*iInput data must stable a maximum of 100 ns after digit select 
becomes active. — 
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PRODUCT INFORMATION 


TSC700A 


Electrical Operating Characteristics 


LED Segment Current 
Maximum Power Dissipation vs Output Voltage 


PACKAGE POWER DISSIPATION (W) 
IseEG(mA) 


20 40 60 80 100 120 140 1 2. 3 4 5 6 
AMBIENT TEMPERATURE (°C) SEGMENT OUTPUT (VOLTS) 


LED Segment Current vs 
Brightness Control Voltage 


TSC700A 


ISEG (mA) 


VpIN 5(VOLTS) 
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FOUR DIGIT LED DISPLAY DECODER AND 


DRIVER 


TSC700A 
Operation Description 


Output Format 


The TSC700A accepts four bit binary information at pins 27 
(LSB) through 30 (MSB). The binary input is decoded to the 
seven segment output in a format known as “Code B”. The 
display format is 0 to 9, —, E, H, L, P and “blank”. 


Output Code | 


-TSC700A 
Output 
“Code B” 


_ BINARY INPUT 


' B3 B2 B1 BO 
0 


aah eid eh ah oth oth OOO OO OO 
sat st os OOOO HW HH =H OOO CO 
“~30CO4=3=00=4~00-~00 
=OOa-,0QaoH-ar0_0+- 0-0 
UTrimMmM: O©OMONOOBRWNH$O 


(Blank) 


Segment Assignment 


Special Order Output Format 


The TSC700A is mask programmed to give 16 combinations 
of seven segment output codes. For large volume orders | 
(50 K minimum pieces) custom decoder options are avail- 
abie. Contact factory for details. 
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Brightness Control Operation 


The voltage at the brightness control input is transferred to 
the output transistor gate for “ON” segments. The brightness 
voltage directly modulates the segment driver “ON” resis- 
tance. A brightness input (pin 5) can be used in two ways to 
control output transistor drain current. A variable brightness 
control may be implemented with a single potentiometer. A 
high value potentiometer (100 KQ to 1 MQ) will minimize 
power consumption. 


Brightness Control 


V+ (LED ANODES) 


100k2—-1MQ >~<——— TO BRIGHTNESS CONTROL 
(PIN 5) 


A logic signal of varying duty cycle will also control display 
brightness. 


Vpin 5 Ys 
Vp 
ov 


e—_$_$__—_ 1/f ——_—_—_—__ > 


(1/f) 


1 
Vpin 5 = ver fer 5) dt = f Vp tow = Vp [Duty Cycle] 


The display may be blanked (all segments OFF) by applying 
the input code 1111 or by driving the brightness pin with a 
logic 0. If brightness control is not needed, pin 5 should be 


tied to 5.0 V. 


PRODUCT INFORMATION 


Package Power Dissipation Minimization 


The TSC700A high LED current drive capability requires 
package power dissipation be limited and that a low thermal 
resistance package be used. The cerDIP package thermal 
resistance (6jc = 30° C/W, 6ja = 60° C/W) permits operation 
over the full -25°C to +85°C industrial operating tempera- 
ture range. Power dissipation is easily controlled by reducing 
the applied voltage at the segment driver outputs. A 2.5 Q 
voltage dropping resistor placed in series with the common 
anode LED display voltage will maintain dissipation under 1 
watt with a worst case continuous 8888 display. Figure 1 
gives the package power dissipation vs the number of “ON” 
LED segments for the operating circuit in Figure 2. Driver 


outputs should be maintained above 1.85 V for constant | 


current operation. 


o ak —_ 
rag er ae 4 
orn 4 ISEG =11mA 


—o— ISEG = 14mA 


PACKAGE POWER DISSIPATION 


10 15 20 25 28 


N — # OF “ON” LED SEGMENTS 


Character Displayed No of “ON” Segments 


6 


O}MINI DM), OH! Bh] Os]; Mi) HA] oO 


NH} wl apa, ms? HAIN] @d]_ OD] oOo] Bi; oO] | 


Figure a Package Power Dissipation 
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TSC700A 


EXTERNAL 
DROPPING 
RESISTOR 


COMMON 
ANODE 


poem 


+ 
Pp = Vsls + Isea (N) [V — VieD — N(Isea) Ro] 


| + 
=Iseca (N) [V — Viep — N(Isea) Ro] 


Where: 

IlseEG = LED Segment Current 

N = Number of ON Segments 

VLED = Voltage Across on LED 

Pp = Max. Package Power Dissipation 

Vs = TSC700A Power Supply Voltage (5 V) 
ls = TSC700A Quiescent Current (~ 50 yA) 


Figure 2: Operating Circuit 


FOUR DIGIT LED DISPLAY DECODER AND 
DRIVER al ak aera ls 


TSC700A __ 
Applications Information: 
31/2 Digit ADC with LED Display 


LED DISPLAY 


. ; . : B(15) * 
INPUT © % | . NC 
C(3) 


a 
MONSANTO 
MAN 6630 


TSC700A 


LED DISPLAY .. 
DRIVER 


~ 
TSC 14433 


3 1/2 DIGIT 
A/D CONVERTER 


MONSANTO 
MAN. 6610 


1/2 CD4013 


a 
DISPLAY 
FLASHES ON 
OVERRANGE = 


*Numbers in Parentheses Denote Pin 
Connections for Monsanto Displays. 


SY6522 
SY6502 
“~~ 


wu PROCESSOR 
TSC700A 
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PRODUCT INFORMATION 


Applications Information (continued) 
4 1/2 Digit Counter 


HCTR 6010 


CLOCK IN 
SIGNAL CLOCK IN 


SIGNAL eee 4 
Pee HOLD/LOAD STORED Tein 
nena LATCHES OVERFLOW 

DECADE 4 STROBE 

DECADE 3 STROBE 

DECADE 2 STROBE 

DECADE 1 STROBE 


Vgg(-) 


A So INTERNAL 
MASTER HOLD/LOAD COUNTER 
RET LATCHES RESPONSE 


Advances 1 
0 Count 


No 
Change 


Advances 1 
Count 


0 | 0 


Resets entire 
Counter 


Resets entire 
Counter 


Package Information 


40-Pin CerDIP 
J Package 
(Package #20) 


4100 MIN. =| |-+—— 0.200 MAX. — ono al 


020 MIN. »||<«— 
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TSC700A 


BCD & STORED 


OVERFLOW 
OUTPUT 
RESPONSE 


Indicates 
New Count 


No 

Change 
Retains Prior 
Count 


Outputs go 
to Zero 


Retains Prior 
Count 


Notes 


ENGINEER: | ace 
PROJECT: jae 
_ DESCRIPTION 
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“47© TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC701AM 


BUS COMPATIBLE FOUR DIGIT 
LED DISPLAY DRIVER 


FEATURES 


@ 28 Current Limited Outputs Drive Common-Anode 
LEDs at 18 mA Per Segment 

m Input and Digit Select Data Latches 

@ Brightness Input Allows Potentiometer Control of 
LED Segment Current. Pin Also Serves as Digital 
Display Enable 

= Input and Digit Select Data Latches 

= Pin Compatible and Functionally Equivalent to 
ICM7212AM 

m Input Decoded to Seven Segment Code B Output (0 
to 9, —, E, H, L, PR, “Blank”) 


can TSC701AM 


ANODE 
LEDS 


D4 D3 "  p2 D1 
SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS 


22121520 18 119117116 [1511414 1911211019 1a 17 16 3 


5126 2 [40] 39 

gf edcbas« + "Is 

7 WIDE DRIVER 7 WIDE DRIVER 7 WIDE ORIVER 7 WIDE DRIVER O BRIGHTNESS 
7 WIDE LATCH EN 

TO TSC701AM eat 

OUTPUTS 


*Limits Package Power Dissipation PROGRAMMABLE PROGRAMMABLE PROGRAMMABLE i PROGRAMMABLE 
4 TO 7 DECODER 4 TO 7 DECODER i 4 TO 7 DECODER i 4 TO 7 DECODER 


5.27__BO 
cara bewe pouR: 
INPUT | of8 BIT ee See 
er EATON: rete ee 


B2 
DS1 Two 
DS2 


*HIGH CURRENT ORIVE: 11 mA MINIMUM 


CHIP SELECT 10 = 
34 
CHIP SELECT Z © 
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TSC701AM 


GENERAL DESCRIPTION 


The TSC701AM is a CMOS direct drive, four 
digit, seven segment LED display decoder and driver. 
The device is bus compatible making microprocessor 
controlled displays possible. Two chip select signals 
control data and digit select code latching prior to 
decoding and display. External gale latches are un- 
necessary. 

The TSC701AM drives common anode LED 
displays with 28 high current, open-drain N channel 
output transistors. Four seven segment LED displays 
may be driven. Drive current is guaranteed to be 11 mA 
minimum (18 mA TYP). This is twice the minimum drive 
current available from comparable devices and will 
provide high LED luminance. High luminous intensity 
is an important factor when a dark contrasting back- 
ground is unavailable or the LED is viewed at a 
distance. The TSC701AM current capability makes it 
an ideal large character LED driver. 

Four data bit inputs and four digit select 
signals permit interfacing to multiplexed BCD or binary 
output devices. The four bit data input is decoded into 
the seven segment alphanumeric code known as 
“Code B”. A0 to 9, —, E, H, L, P or “blank” reading may 
be displayed. 

An added feature is the brightness control 
input that adjusts segment drive current. The control 
pin may also be used as a digital display enable. The 
TSC701AM is an improved pin compatible and func- 
tional equivalent to the [CM7212AM.  — 


BUS COMPATIBLE FOUR DIGIT 
_ LED DISPLAY DRIVER 


Ordering Information 


ae LED 

Temp. Segment Output 

Part No. Package Range Current Code 
40-Pin -25°C 

TSC701AMIJL CerDIP to +85°C 18 mA Code B 


Pin Configuration 


IP SELECT 2 


HAE SELECT 1 


"~~ 


TSC701AM 


IF BRIGHTNESS CONTROL IS NOT NEEDED, 
CONNECT BRT (PIN 5) TO Vc. 
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PRODUCT INFORMATION 


TSC701AM 


Absolute Maximum Ratings? 2 


Power Dissipation ..... dere WINE ate tat ieaty Aiea ena 1.0 W Maximum Chip Temperature .................- +150°C 
SUDDIY VOltaGe iced dois sa eee ie ere ph aaees4 6.5 V Storage Temperature ................ -55°C to +150°C 
Input Voltage (Any Terminal) Vs + 0.3 V'to Ground -0.3 V Lead Temperature (10 Sec) .................... 300°C 
Operating Temperature 

EN GISION ns Seek cer doec bo vewdnewse -25°C to +85°C 


Electrical Characteristics: Specifications measured with Vs = 5.0 V at Ta = 25°C. 


TEST TSC701AM 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX’ UNIT 
D 
Ley IsEG Soe Test Circuit 11 18 20. mA- 
E | Current 
D ¥ S t 
E 2 ISLK teas = +0.01 +10 pA 
Leakage 
R 
3 Wil Logic “1” Input 3.0 = 7 V 
Voltage 
1 Logic “0” Input 
4 — — 1.0 V 
N Vit Voltage | 
? 5 lin Input Current Pins 27-34, 5 — +0.01 +1.0 pA 
T Digital 
6 CIN Input Pins 27-34 — 5 — pF 
Capacitance 
Brightness 
7 CBR Input — 200 — pF 
Capacitance 
Chip Select 
— — ns 
c tsa Active Pulse Width NOW? aut 
; Data 
9 tos Setup 100 — — ns 
M 
; Time 
N Data Hold > 4 
1 0 — ns 
G 'DH Time ° 
Inter-Chip 
— — Ss 
i ngs Select Time - ‘ 
Operating 
P 12 Vs Supply Voltage 4 5 6 V 
O Range 
i 13 Is Supply Current Display OFF — — 50 pA 
4 Operating Pin 5, at V§ 
, — 504 — mA 
ue lop Current Display all “8’s” 
Notes: pace 
1. Functional operation above the absolute maximum stress ratings is not 3. Other chip select (CS) is either held at logic zero or both CS1 and CS2 
implied. driven together. 


2. Static Sensitive device. Unused devices must be stored in conductive 
material to protect devices from static discharge and static fields. 
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BUS COMPATIBLE FOUR DIGIT 
LED DISPLAY DRIVER 


TSC701AM 


Input Definitions 


In-this table, V + and GROUND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 


INPUT TERMINAL CONDITION FUNCTION 
V + Logical One a ee 
BO 27 GND = Logical Zero Ones (Least Significant) 
| V+ = Logical One 
SL a Ghee GND = Logical Zero s FWOS- : 
oor = Data Input Bits 

Ee 29 GND = Logical Zero Paure | 

B3 30 va = Fogical One Eights (Most Significant) 


GND = Logical Zero 


- Digit Select Inputs 
DS1 31 V+ = Logical One DS2, DS1 = 00 Selects D4 


DS2, DS1 = 01 Selects D3 © 


| | ms DS2, DS1 = 10 Selects D2 
DS2 32 ‘ GND = Logical Zero DS2,DS1=11SelectsD1 
=n When both CS1 and CS2 are low the data and digit select 
CS1 33 V+ = Inactive input latches are open or enabled. 
bea On the rising of CS1 or CS2 data is latched, decoded 


CS2 34 GND = Active and stored in the output drive latches. 


CS2 
(CS1) 


DATA AND 
DIGIT SELECT 
CODE 


VILE. DON’T CARE | 


Figure 1: BUS Interface Timing Diagram 
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PRODUCT INFORMATION 


TSC/701AM 


Output Definitions 


Output pins are defined by the alphabetical segment assignment and numerical digital assignment. 


OUTPUT TERMINAL FUNCTION OUTPUT TERMINAL FUNCTION 

Al 37 A Segment Dr. Digit 1 (LSD) A3 13 A Segment Dr. Digit 3 
B1 38 B. B3 14 B 

C1 39 C C3 15 C 

D1 40 D D3 16 D 

E1 2 E E3 17 E 

F1 4 F F3 19 F 

G1 3 G G3 18 G 

A2 6 A Segment Dr. Digit 2 A4 20 A Segment Dr. Digit 4 (MSD) 
B2 7 B B4 21 B 

C2 8 Cc C4 22 C 

D2 fe) D D4 23 D 

E2 10 E E4 24 E 

F2 12 F F4 26 F 

G2 11 G G4 — 25 G 


Digit Assignment 
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BUS COMPATIBLE FOUR DIGIT 
LED DISPLAY DRIVER 


TSC/701AM 


Electrical Operating Characteristics 


: _ LED Segment Current 
Maximum Power Dissipation vs Output Voltage 


TSC701AM 
Ta =25C 


OPERATING 


PACKAGE POWER DISSIPATION (W) 
IsSEG(mA) 


20: 40 60 80 100 120 140 ‘ 
AMBIENT TEMPERATURE ( C) SEGMENT OUTPUT (VOLTS) 


LED Segment Current vs 
Brightness Control Voltage 


TSC701AM - 


Ta =25°C 
24 F SEGMENT OUTPUT = 3 V 


ce a 
COC 


ISEG (mA) 
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PRODUCT INFORMATION 


TSC701AM 


Input Configuration and Output Codes 


The TSC701AM accepts a four bit, true binary (positive level 
= logic 1) input at pins 27 (LSB) through 30 (MSB). The out- BINARY INPUT CODE B 
put display format is 0 to 9, —, E, H, L, P and blank (see Table B3 B2 Bi BO TSC701AM 
1). The TSC701AM correctly decodes binary and BCD true . 

codes to a seven segment output. 


The TSC701AM is designed to interface with a data bus and 
display data under microprocessor control. Four data input 
bits (Pins 27-30) and two digit select input bits (Pins 31, 32) 
are written into input buffer iatches. The rising edge of either 
chip select causes data to be latched, decoded and stored in 
the selected digit output data latch. The two bit digit code 
selects the appropriate output digit latch. The four bit display 
data word is decoded to the “Code B” seven segment output 
format. 


For applications where bus compatibility is not required 
refer to the TSC7211A (LCD), TSC7212A (LED) and the 
TSC700A (LED) four digit decoder driver data sheets. These 
devices are designed to accept multiplexed BCD/Binary 
input data for display under the control of four separate digit 
select control signals. 


Drim| ©MmNONAWNH=AO 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


—~ sa se nt Oooo 2-44 OODOdOO 
=3 OO = += 00-3 00-00 
=O a or Ot0+-'00+- 0+ 0 


Table 1: Output Code 
Applications Information 


The TSC701AM has two ground pins. These pins should be 
connected together. 


Figure 5: Segment Assignment 


TSC701AM Interfaced to Z-80 Microprocessor 


—— 
TSC701AM 


(ACCESS AT | LED 


3000—3003H) | SEGMENT 
eole ) | outputs 


5 
BRIGHTNESS 


5 IF DESIRED 


"~ 


TSC701AM 
B3 (ACCESS AT | ScOMENT 
cs1B 3400-3403H) | outputs 
NOTE: TSC7211AM OPERATING IN 
MASTER/SLAVE MODE. DS1B 
DS2B 


CS2B 
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Notes 


ENGINEER: 7 


_ DEPT: 
PROJECT: Sit 
DESCRIPTION __ 
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FOUR DIGIT CMOS DISPLAY 
DECODER AND DRIVER 
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TSC7211A 
TSC7212A 


FEATURES 
TSC7211A (LCD DRIVER) 


Four Digit Non-Multiplexed Seven Segment LCD 
Display Outputs With Backplane Driver 

RC Oscillator On Chip Generates Backplane Drive 
Signal 

Eliminates DC Bias Which Degrade LCD Display Life 
Backplane Input/Output Pin Permits Synchroniza- 
tion.of Cascaded Slave Device to a Master Backplane 
Signal | 

Separate Digit Select Inputs to Accept Multiplexed 
BCD/Binary Inputs 

Binary and BCD Inputs Decoded to Code B (0 to 9, 
—, E, H, L, PR, Blank) 

Pin Compatible and Functionally Equivalent to 
ICM7211A and DF411 

Connect to TSC7135 in Flat Package For Compact 
4 1/2 Digit Meter Systems 


TSC7212A (LED DRIVER) 


28 Current Limited Outputs Drive Common Anode 
LEDs at Greater Than 5 mA Per Segment 
Brightness Input Allows Potentiometer Control of 
LED Segment Current. Pin Also Serves as Digital 
Display Enable 

Same Input Configuration and Output Decoding as 
the TSC7211A eon 

Pin Compatible and Functionally Equivalent to 
ICM7212A : 


TSC7211A 
TSC7212A 


GENERAL DESCRIPTION 


The TSC7211A (LCD Decoder/Driver) and 
TSC7212A (LED Decoder/Driver) are direct drive, four 
digit, seven segment display decoder and drivers. 

The TSC7211A drives conventional LCD dis- 
plays. An RC oscillator, divider chain, backplane driver, 
and 28 segment outputs are provided on a single 
CMOS chip. The segment drivers supply square waves 
of the same frequency as the backplane but in phase 
. for an OFF segment and out of phase for an ON 
segment. The net d.c. voltage applied between driver 
segment and backplane is zero. 

The TSC7212A drives common anode LED 
displays with 28 current controlled, low leakage, open 
drain, N-Channel output transistors. The brightness 
control input can be used as a digital display enable. A 
varying voltage at the control input will allow continuous 
display brightness control. 


The TSC7211A (LCD) and TSC7212A (LED) 


require only four data bit inputs and four digit select 
signals to interface with multiplexed BCD or binary 
output devices such as the 1CM7217, ICM7226, ICL7103 
and TSC7135. The four bit binary input code is decoded 
into the seven segment alphanumeric code known as 
“Code B.” | 
The “Code B” output format results in a 0 to 9, 
—,E,H,L, Por blank display. True BCD or binary inputs 
will be correctly decoded to the seven segment aep ey: 
format. 
The CMOS TSC7211A and TSC7212A are 
available in a 40-pin epoxy dual-in-line package and a 


~ compact 60-pin flat package. All inputs are protected 


against static alsenalge: 


Pin Configuration 


133 ]03 | oat 
Face 


[a3] 03 
Ec 


TSC7212A (LED) 


DIGIT 
SELECT 
INPUTS 


SELECT 
INPUTS 


TSC7211A (LCD) 


FOUR DIGIT CMOS DISPLAY 


Part No. 


TSC7211AIPL 


TSC7212AIPL 
TSC7211 A/ Y. 
TSC7212A/Y 
TSC7211AIJL 
TSC7212AIJL 
TSC7211AIBQ 
TSC7212AIBQ 
TSC7211AIKW 
TSC7212AIKW 
nee TAILW 


TSC7212AILW 
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Driver 


Type 


LCD 


LED 


LOD 


LED 


LCD 


LED 


LCD © 


LED 
LCD 
LED 
LCD 


LED 


Ordering Information 


Package 


40-Pin 
Epoxy DIP 


40-Pin 
Epoxy DIP 


DICE 


DICE 


40-Pin 
CerDIP 


40-Pin 
CerDIP 


60-Pin 
Flat Package 
Formed Leads 

60-Pin 
Flat Package 
Formed Leads 


44-Pin 
Flat Package 
Formed Leads 

44-Pin 
Flat Package 
Formed Leads 


_ 44-Pin PLCC 


44-Pin PLCC 


Output . 


Code 


Code B 


| Code B 


Code B 


Code B 


- Code B 


Code B 


Code B 


Code B 


Code B 


Code B 


Code B 


Code B 


‘DECODER AND DRIVER 


input 
Contig. 


Multiplexed 
4-Bit Binary 
or BCD 


Multiplexed 
4-Bit Binary 
or BCD 


Multiplexed 
4-Bit Binary 
or BCD 


Multiplexed 
4-Bit Binary 
or BCD 


Multiplexed 
4-Bit Binary 
or BCD 


Multiplexed 
4-Bit Binary 
or BCD 


Multiplexed 
4-Bit Binary 
or BCD 


Multiplexed 
4-Bit Binary 
or BCD 


Multiplexed 
4-Bit Binary 
or BCD 


Multiplexed 
4-Bit Binary 
or BCD 


Multiplexed 
4-Bit Binary 
- or BCD 
Multiplexed 
4-Bit Binary 
or BCD 


PRODUCT INFORMATION 


Pin Configuration 


Flat Package 


NOTES: 

1. NC = NO INTERNAL CONNECTION 

2. PINS 8, 23, 38 AND 53 ARE CONNECTED TO THE DIE 
SUBSTRATE. THE POTENTIAL AT THESE PINS 1S 
APPROXIMATELY V*. NO EXTERNAL CONNECTIONS 
SHOULD BE MADE. 


We 
TSC7211A 
(BQ) 


zm 
TSC7212A 
(BQ) 


TSC/211A 
TSC7/212A 


Timing Diagrams 


DIGIT SELECT 
Dn-1 


DIGIT SELECT 
Dn 


path Vain MIP oom 


Figure 1: Input Timing Diagram (LED or LCD) 


OSCILLATOR 
FREQUENCY 


|}~«—_—— 128 CYCLES ———>| 
BACKPLANE 
INPUT/OUTPUT 

~< 64 CYCLES —>|<—64 CYCLES —m> 


ON SEGMENTS ee el Ld 


Figure 2: LCD Display Waveforms 


Test Circuit 


Osc 36 

35 

LOAD EACH SND a; 
SEGMENT TO 

BACKPLANE WITH picit } 33 

200 pF CAPACITOR SELECT ] 39 


INPUT | 34 


30 
DATA 2 29 + 
INPUTS | 28 

27 L_] 


TSC7211A 


Figure 3: Test Circuit 
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FOUR DIGIT CMOS DISPLAY 
DECODER AND DRIVER 


TSC7211A 
TSC7212A 


Functional Block Diagram 


TSC7211A 


D4 D3 D2 D1.. 
SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS - SEGMENT OUTPUTS 


7 WIDE DRIVER 7 WIDE DRIVER 


7 WIDE LATCH EN 7 WIDE LATCH EN 


PROGRAMMABLE 
4 TO 7 DECODER 


7 WIDE DRIVER 


7 WIDE DRIVER 


7 WIDE LATCH EN 7 WIDE LATCH EN 


PROGRAMMABLE 


4 TO 7 DECODER i 


PROGRAMMABLE 
4 TO 7 DECODER 


PROGRAMMABLE 
4 TO 7 DECODER 


DATA 
INPUTS j - 


SELECT 


DIGIT 
INPUTS 


OSCILLATOR 
16KHz 
FREE- 
OSCILLATOR RUNNING INPUT/ 


INPUT ENABLE BP OUTPUT 
ENABLE 
DETECTOR ; 


Functional Block Diagram 


TSC7212A__ 


D4 : D3 D2 D1 
SEGMENT OUTPUTS 


DATA 
INPUTS 


DIGIT 
SELECT 
INPUTS 


7 WIDE DRIVER 


7 WIDE LATCH EN 


PROGRAMMABLE 
4 TO 7 DECODER 


SEGMENT OUTPUTS 


7 WIDE DRIVER 


7 WIDE LATCH EN 


PROGRAMMABLE 
4 TO 7 DECODER 


10-24 


SEGMENT OUTPUTS 


_7 WIDE DRIVER 


7 WIDE LATCH EN 


PROGRAMMABLE 
4 TO 7 DECODER 


SEGMENT OUTPUTS 


7 WIDE DRIVER 
7 WIDE LATCH EN 


PROGRAMMABLE 
4 TO 7 DECODER 


BRIGHTNESS 


PRODUCT INFORMATION 


TSC7211A 
TSC7212A 


Absolute Maximum Ratings 


Power Dissipation (Note 1) 0.8 W at 70°C in the operational sections of the specifications is not implied. Exposure to 
(RUA IA ec ea teres eben me see , 65V absolute maximum rating conditions for extended periods may affect device 
SUDDIV: VONAGE: ei acs tout totem nage ete m eres es ae) reliability. 
Input Voitage (Any Note 1: This limit refers to that of the package and will not be realized during 
Terminal) (Note 2) ......... V* +0.3 V, GROUND -0.3 V normal operation. 
Operating Temperature Range ......... ~20°C to +85°C Note 2: Due to the SCR structure inherent in the CMOS process, connecting 
Storage Temperature Ranae -55°C to +125°C any terminal to voltages greater than V* or less than GROUND may 
orag Pp u g i ale rece wl 3 cause destructive device latchup. For this reason it is recommended 
Lead Temperature (Soldering 10 sec.) ............ 300°C that no inputs from external sources not operating on the same 
Stresses above those listed under Absolute Maximum Ratings may cause power supply be applied to the device before its supply is established, 
permanent damage to the device. These are stress ratings only, and functional and that in multiple supply systems, the supply to the TSC7211A/ 
operation of the device at these or any other conditions above those indicated TSC7212A be turned on first. 
Table I: Operating Characteristics 
Test Conditions: All parameters measured with V+ = 5 V 
TSC7211A CHARACTERISTICS (LCD DECODER/DRIVER) 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 
Operating Voltage Range Vsupp 3 5 6 V 
Operating Current lop Test Circuit, Display Blank id 10 50 LA 
Oscillator Input Current losci Pin 36 .; — +2 +10 A 
Segment Rise/Fall Time trts CL = 200 pF — 0.5 _ uA 
Backplane Rise/Fall Time trtb Ci. = 5000 pF — 1.5 _ us 
Oscillator Frequency fosc Pin 36 Floating — 16 — kHz 
Backplane Frequency fop Pin 36 Floating —_ 125 _ Hz 
TSC7212A CHARACTERISTICS (COMMON ANODE LED DECODER/DRIVER) 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 
Operating Supply Voltage Range Vsupp 4 5 6 V 
Operating Current Pin 5 (Brightness), 
lop ; —_ 10 50 uA 
Display Off Pins 27-34 — GROUND 
Operating Current lop Pin 5 at V+, Display all 8’s = 200 = mA 
Segment Leakage Current Ist Segment Off = + 0.01 +1 UA 
Segment On Current Isec Segment On, Vo = +3 V 5 8 ae mA 
INPUT CHARACTERISTICS (LCD AND LED DECODER/DRIVER) 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 
Logical “1” Input Voltage Vin 3 — _ V 
Logical “O” Input Voltage Vit —_ — 1 V 
Input Leakage Current lick Pins 27-34 —_ + 0.01 E> LA 
Input Capacitance Cin Pins 27-34 — 5 _ pF 
BP/Brightness Input Leakage | BPLK Measured at Pin 5 with Pin 30 at GND — + 0.01 +1 LA 
BP/Brightness Input Capacitance Csr All Devices _ 200 — pF 
AC CHARACTERISTICS (LCD AND LED DECODER/DRIVER) 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 
Digit Select Active Pulse Width tsa Refer to Timing Diagrams 1 —_ _ US 
Data Valid Time tds Refer to Timing Diagrams oe nak 100 ns 
Data Hold Time tdh Refer to Timing Diagrams 200 —_ = ns 
Inter-Digit Select Time tids Refer to Timing Diagrams 20 _~ — Us 
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FOUR DIGIT CMOS DISPLAY 


TSC7211A DECODER AND DRIVER 
TSC7212A 


Input Definitions 
In this table, V+ and GROUND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 


INPUT TERMINAL* CONDITION | FUNCTION 
3 V+ = Logical One 
BO set (AQ) ~ GND = Logical Zero Ones (Least Significant) 
| _V+ = Logical One , 

a 26: (20) GND = Logical Zero Twos Data Input Bits 

V+ = Logical One 
Be 29. (91) GND = Logical Zero Fours 

V+ = Logical One 
Be 30 (52) GNF gical Zero Eights (Most Significant) 
OSC 36 (1) Floating or with Oscillator Input | 
(LCD Devices Coe Disables BP output devices, allowing segments to be syn- 
only) chronized to an external signal input at the BP terminal (Pin 5) 
D1. : 31 (54) D1 (Least significant) Digit Select 
D2 32 (55) V+ = Active D2 Digit Select 
D3 | 33 (56) GND = Inactive D3 Digit Select 
D4 | 34 (57) D4 (Most significant) Digit Select 


* 60-Pin Flat Package Pin #in (_ ). 


Output Definitions 
Output pins are defined by the alphabetical segment assignment and numerical digital assignment. 


OUTPUT TERMINAL* FUNCTION OUTPUT TERMINAL* FUNCTION . 
Al 37 (3) A Segment Dr. Digit 1 (LSD) A3 13 (26) A Segment Dr. Digit 3 
B1 38 (5) B B3 14 (27). B ‘ 
C1 39 (6) C C3 15 (28) C 
D1 40 (7) D D3 16 (33) D 
Et 2(10) E E3 . 17 (34) E 
F1 4(12) F F3 19 (36) F 
G1 3(11) G G3 18 (35) G 
A2 6 (18) A Segment Dr. Digit 2 A4 20 (37) A Segment Dr. Digit 4 (MSD) 
B2 7 (19) B B4 21 (39) B 
C2 8 (20) C C4 22 (40) C 
D2 9 (21) D D4 23 (41) D 
E2 10 (22) E E4 24 (42) E 
F2 12 (25) F F4 26 (48) F 
G2 11 (24) G G4 25 (43) G 


* 60-Pin Flat Package Pin #in(_ ). 


Digit Assignment 
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PRODUCT INFORMATION 


TSC7211A 
TSC7212A 


Typical Operating Characteristics 


TSC7211A Operating Supply TSC7211A Backplane TSC7212A LED Segment 
Current as a Function of Frequency as a Function Current as a Function 
Supply Voltage of Supply Voltage of Output Voltage 
30 180 
(eDoevices, esr cineur ie Sanne aa near tt} tf 
25 Fp 1 
IN 36 OPEN 50 ce Pale a 
20 120 Fe ka ae 
: 24 , ce 
- Ea ahs : aed 
S & ae 2 Es 
' F Ea ae 
(eae Lone 
: ‘ aie ae 
; Pebedts| Peed 
1 2 3 4 5 6 7 : 
V+ VOLTS V+ VOLTS Vo VOLTS 
TSC7212A LED Segment TSC7212A Operating Power 
Current as a Function of (LED Display) as a Function 
Brightness Control Voltage of Supply Voltage 


12 


TSC7212A 
SEGMENT OUTPUT AT +3V 
Ta = 25°C 


TSC7212A 

LED DEVICES 

DISPLAY ALL EIGHTS 

LED FORWARD VOLTAGE DROP 


= VFLED = 1.7V 
La 
8 
asa ee c 
keene aaa 7 
2 a eee nes Z 
EEA 
f| 
Ae FO, a 
Eee? ase seen 
, pet 


i) 1 2 4 5 6 
Veins VOLTS 


V+ VOLTS 
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Basic Operation 

Basic Operation _ | | 
TSC7211A (LCD) Decoder/Driver 

The TSC7211A drives four digit by seven segment LCD 
displays. The device contains 28 individual segment drivers, 


a backplane driver, an on chip oscillator and a divider chain | 
to generate the backplane signal. . 


The 28 CMOS segment drivers and backplane driver contain | 


ratioed N and P channel transistors for identical “ON” 
resistance. The equal resistances eliminate the d.c. output 
driver component resulting from unequal rise and fall times. 
This ensures maximum LCD display life. | 


The backplane output driver can be disabled by grounding  _ 
the oscillator input (pin 36). The 28 output segment drivers | 
can therefore be synchronized directly to an input signal - 


at the backplane terminal (pin 5). Several slave devices 
may be cascaded to the backplane output of a master device. 
The backplane signal may also be derived from an external 
source. These features permit interfacing to single back- 
plane LCD displays with characters in multiples of four. 


Each slave’s backplane input represents only a 200 pF capa- 
citive load to the master backplane driver (comparable to one 
additional segment). The number of slave devices driveable 
by a master device is therefore set by the larger display 
backplane capacitive load. The master backplane output will 
drive the display backplane of 16 one-half inch characters 
with rise and fall times under 5 usec. This represents a system 


. D8 D7 D6 


“gpiGiT ct ooog 


LCD DISPLAY | g™% I a ie a 


BACKPLANE 
SLAVE 
SEGMENTS 


HIGH ORDER 
TSC7211A 


, GND 
a 


OSC 83-B0 D4 D3 D2 D1 BP 


DIGIT 
SELECTS 


Figure 4: TSC7211A Driving 8 Digit LCD Display in 
Master Slave Configuration. 
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FOUR DIGIT CMOS DISPLAY 
DECODER AND DRIVER 


with 3 slave devices and a fourth master TSC7211A driving | 
the backplane. 


_ If more than four devices are slaved together, the backplane 


signal should be derived externally and all TSC7211A 


- devices slaved to it. The external drive signal must drive 
a high capacitive load with 1-2 wsec rise and fall times. 


The backplane frequency is normally 125 Hz. At lower dis- 
play ambient temperatures the frequency may be reduced to 
compensate for display response time. 


The on chip RC oscillator free runs at approximately 16 kHz. 
A divide by 128 circuit provides the 125 Hz backplane fre- 


_ quency. The oscillator frequency may be reduced by con- 


necting an external capacitor between the oscillator terminal 
(pin 36) and V+ (see typical operating characteristic curve). 


The free running oscillator may be overriden, if desired, by an 
external clock. The backplane driver, however, must not be 
disabled during the external clock’s negative or low portion 
as this will result in a d.c. drive component being applied to 
the LCD display. This would limit the LCD’s display’s life. To 
prevent backplane driver disabling, the oscillator input 
should be driven from the positive supply to no less than one- 
fifth the supply voltage above ground. A backplane disable 
signal will not be sensed if the driving signal remains above 
ground by one-fifth the supply voltage. An alternate method 
for externally driving the oscillator permits the oscillator 
input to swing the full supply voltage range. The oscillator 
input signal duty cycle is skewed so the low portion duration 
is less than 1 usec. The backplane disable sensing circuit will 
not respond to such a short signal. _ 


BACKPLANE 
MASTER 
ve SEGMENTS 
LOW ORDER 
GND -Tsc¢7211A 
OSC 83-80 D4 D3 D2 D1 BP 


PRODUCT INFORMATION 


TSC7212A LED Decoder/Driver 


The TSC7212A directly drives four digit, seven segment, 
common anode LED displays. The 28 segment drivers are 
low leakage, current controlled, open drain N-channel MOS 
transistors. 


A brightness input (pin 5) can be used in two ways to control 
output transistor drain current. The voltage at the brightness 
control input is transferred to the output transistor gate for 
“ON” segments. The brightness voltage directly modulates 
the segment drivers “ON” resistance. A variable brightness 
control may be implemented with a single potentiometer 
(Figure 4). A high value potentiometer (100 kQ to 1 mQ) will 
minimize power consumption. 


The brightness input may also be operated digitally as a 
display enable. At a logic 1 the display is fully “ON” and at 
a logic 0 fully “OFF.” The display brightness may be con- 
trolled by a logic signal of varying duty cycle also. When 
operating with LEDs at higher temperatures and/or higher 
supply voltages, the device power dissipation may need 
to be reduced to prevent excessive chip temperature rise. 
The maximum power dissipation is 1 watt at 25°C. Derated 
linearly above 35°C to 500 mW at 70°C (-15 mW/°C above 
35°C). Power dissipation for the device is given by: 


P = (V" -Vrteo) (Isea) (Msec) 


where Vrien is the LED forward voltage drop, Isec is segment 
current, and Nnsec is the number of “ON” segments. If the 
device is operated at elevated temperatures, the segment 
- current can be limited through the brightness input to keep 
power dissipation within the limits described above. 

For applications requiring brighter LED displays see the 
TSC700A data sheet. 


V+ (LED ANODES) 


100 k2 — 1MQ ~«<q———- TO BRIGHTNESS CONTROL 


(PIN 5) 


Figure 5: Brightness Control 


Input Configuration and Output Codes 


The TSC7211A/TSC7212A accept a four-bit, true binary 
(positive level = logic 1) input at pins 27 (LSB) through 
30 (MSB). The binary input is decoded to the seven segment 
output known as “Code B.” The output display format is 0-9, 
dash, E, H, L.,P and blank (see Table 1). The TSC7211A and 
TSC7212A will correctly decode binary and BCD true codes 
to a seven-segment output. 
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TSC7211A 
TSC7212A 


The TSC7211A/TSC7212A accept multiplexed binary or 
BCD input data at pins 27 (LSB) through pin 30 (MSB). Pins 
31 (LSD) through 34 (MSD) are the digit select lines. When 
the digit select line is taken to a logic 1 level the input data 
is decoded and stored in the enabled output latch of the 
selected digit. More than one digit select line may be acti- 
vated simultaneously. The same character will be written into 
all selected digits. See Figure 5 for decoder segment 
assignments. 


CODE B 
TSC7211A 
TSC7212A 


BINARY INPUT 
B3 B2 B1 BO 


UVTreiIMmMmMi@owononanwnvo0 


0 
0 
0 
0 
9) 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


|=—_ 434000034 1u0cF9 000 
|=3 002343 00234002400 
“OO O04 OF 0 43 O4A O30 


(Blank) 


Table I: Output Code 


Figure 6: Segment Assignment 


Special Order Decoder Option 


The TSC7211A and TSC7212A are mask programmed to give 
the 16 combinations of seven segment output codes. For 
large volume orders (50 k pieces minimum) custom decoder 
options are available. Contact factory for details. 


Applications Information 


The TSC7212A has two ground pins. These pins should be | 
connected together. 


te . FOUR DIGIT CMOS DISPLAY 
TSC7211A DECODER AND DRIVER 
TSC7212A 


Applications Information (Continued) 


28 SEGMENTS 
AND BACKPLANE 


. "4-1/2 DIGIT LCD DISPLAY 
+5V0 > om O I 
ges a | a | 


28 SEGMENTS D1-D4 


P/N SN 
D1 
TSC7211A 
D2 . 


SEG 


OPTIONAL 
CAPACITOR 


- 
if 


O 
10 | 
por [ones [Ee 


== ANALOG GND _ 


Figure 8: 4 1/2 Digit DPM Interfaced to LCD Display | 
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PRODUCT INFORMATION 


TSC7211A 
TSC7212A 


Typical Applications 


REF 
VOLTAGE seg 4 1/2 DIGIT LCD DISPLAY 
28 SEGMENTS D1-D4 
“SV fea os 8 Gg a 8 
| 3 | CD4054A 
7 8131110926 
~ 
ae st | BACKPLANE 
os AZIN DIG. GND | 24] 
BUF OUT POL 
100k2 TOO a 120kHz = 3 READING/SEC 
= Cc 
ANALOG 1uE peck 22) 
GND = 1 ray] 
4 4 
100k2 D1 
; a rr TSC7211A 
INPUT 0.1nF janes: ie 2,3,4 


SEG 
0 37 - 40 
OPTIONAL 
CAPACITOR 


12 D5 “—- D4 


TSC7135 


iii 
ULL 


36 li 
sealers — +5V 
tr 


35 1 
+5V 


+5V 


1/4 CD4030 


Figure 9: 4 1/2 Digit ADC Interfaced to LCD Display 


fe 
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< 


4-1/2 DIGIT LCD DISPLAY 
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a 

N 

Q 

i=) 

P= 

So 

w 

° 
oq 
a) 


7" 


CD4081) 


a" 
TSC7211A° 


yr / IVS 
TSC7135 


ne | 4 
in| 


| OD 1/4 CD4081 


1/4 CD4030 


in 


Figure 10: 4 1/2 Digit ADC Interfaced to LCD Display with Digit Blanking on Overrange 
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| | FOUR DIGIT CMOS DISPLAY 
TSC7211 A | DECODER AND DRIVER 
TSC7212A 


Typical Applications (continued) 


Qe 
2 CONTROL BUS 
erat | 
DATA BUS 


ADDRESS BUS 


LCD DISPLAY 


PERIPHERAL 
INTERFACE DIGIT4 DIGIT3 DIGIT2 DIGIT1 


BACKPLANE 


4 TSC7211A 


ADDITIONAL 
1/0 


Figure 11: LCD Display Interface to SY6522 VIA 


LCD DISPLAY 


V+ V+ DIGIT4 DIGIT3 DIGIT2 DIGIT1 
74C915 


4g TSC7211A 


Figure 12: Digital Scale with LCD Readout 
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PRODUCT INFORMATION 


TSC7211A 
TSC7212A 


Typical Applications (continued) 


34 TSC9491Cd 
3 


LED DISPLAY 


INPUT © 


V 300k82 
4e 
TSC7212A MONSANTO 
LED DISPLAY MAN 6630 


DRIVER A2 
B2 


C2 


D2 
E2 
F2 


“~ 


TSC 14433A 
3 1/2 DIGIT Pe 
A/D CONVERTER 


C3 
D3 
E3 
F3 
G3 


1/2 CD4013 
D Qa 


MONSANTO 
A4 MAN 6610 


Ba 
C4 
1/2 CD4013 D4 
a E4 


a 
DISPLAY F4 
FLASHES ON Ga 
OVERRANGE = 


*Numbers in Parentheses Denote Pin 
Connections for Monsanto Displays. 
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Notes 
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“9° TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


BUS COMPATIBLE 


TSC7211AM 
TSC/7212AM 


FOUR DIGIT CMOS DECODER/DRIVER 


FEATURES 
TSC7211AM (LCD DRIVER) 


Four Digit Non-Multiplexed Seven Segment LCD 
Display Outputs with Backplane Driver 

Input and Digit Select Data Latches 

RC Oscillator On-Chip Generates Backplane Drive 
Signal 

Eliminates DC Bias Which Degrade LCD Display Life 
Backplane Input/Output Pin Permits Synchroniza- 
tion of Cascaded Slave Device to Master Backplane 
Signal 

Binary and BCD Inputs Decoded to Code B (0 to 9, 
—, E, H, L, PR Blank) 

Pin Compatible and Functionally Equivalent to 
ICM7211AM 


TSC7212AM (LED DRIVER) 
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28 Current Limited Outputs Drive Common-Anode 
LEDs at 8 mA Per Segment 

Input and Digit Select Data Latches 

Brightness Input Allows Potentiometer Control of 
LED Segment Current. Pin Also Serves as Digital 
Display Enable 

Same Input Configuration and Output Decoding as 
the TSC7211AM 

Pin Compatible and Functionally Equivalent to 
ICM7212AM 


TSC721h AN FOUR DIGIT CMOS DECODER/DRIVER 
TSC7212AM = 


GENERAL DESCRIPTION | Ordering Information | 
The TSC7211AM (LCD Decoder/Driver) and — 


TSC7212AM (LED Decoder/Driver) are CMOS direct Part No. | eit . Package ee eerie 
drive, four digit, seven segment display decoder and a a a ea a 
drivers. The devices are bus compatible making micro- eect: AGG 40-Pin peasant fees 
processor controlled displays possible. Two chip select Plastic Latches 
signals control data and digit select code latching prior Ge er ee ee 
to decoding and cleniey. External data latches are TSC7212AMIPL LED 40-Pin Code B Digit Select 
unnecessary. Plastic iaihas 

The TSC7211AM drives conventional LCD en ee 
displays. An RC oscillator, divider chain, backplane TSC7211AM/Y LCD DICE Code B Digit Select 
driver, and 28 segment outputs are provided on a single Latches 
CMOS chip. The segment drivers supply square waves i an aan ee 
of the same frequency as the backplane but.in phase TSC7212AM/Y LED DICE Code B_ Digit Select 
for an OFF segment and out of phase for an ON _. Latches 


segment. The net d.c. voltage applied between driver 
segment and backplane is near zero maximizing display 
lifetime. 


Pin Configuration 


The TSC7212AM drives common-anode LED 
displays with 28 current controlled, low leakage, open 
drain, N-Channel output transistors. The brightness 
control input can be used as a digital display enable. A 
varying voltage at the control input will allow continuous 
display brightness control. . 

The four bit binary input code is decoded into 


the seven segment alphanumeric code known as We eee “— 
“Code B”. The “Code B” output format results in a0 to 9, eee o Teer aI aeMIEED 
(DS1) 
B3 


—,E, H, L, Por blank display. True BCD or binary inputs 
will be correctly decoded to the seven segment display 
format. — , 
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PRODUCT INFORMATION 


TSC7211AM 
TSC/7212AM 


Functional Block Diagram 


D4 D3 D2 D1 
SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS SEGMENT OUTPUTS 
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IVER 
meee FBR Re BRaRaE Renae 
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PROGRAMMABLE PROGRAMMABLE PROGRAMMABLE PROGRAMMABLE 
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oe sa e = 
a ikea ‘eee 
eames 
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INPUT 


ENABLE 


CHIP SELECT 10 2 


CHIP SELECT 2 O 2 


OSCILLATOR 
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RUN 
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INPUT ENABLE 
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Functional Block Diagram 
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TSC/211AM 
TSC/7212AM 


Absolute Maximum Ratings 
Power Dissipation (Note 1) 
Supply Voltage ........... Sits er esaarou dete ta Sake aia etd 
input Voltage (Any 
Terminal) (Note 2) 
Operating Temperature Range 
Storage Temperature Range -55°C to +125°C 
Lead Temperature (Soldering 10 sec.) .......... ,. 300°C 


Stresses above those listed under absolute maximum ratings may cause 
permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated 


6.5 V 


eee eau V* +0.3 V, GROUND -0.3 V 
bes Sea Bite Sess -20°C to +85°C 


Table I: Operating Characteristics 


Test Conditions: Ali parameters measured with V+ =5 V. 


TSC7211AM Characteristics (LCD Decoder/Driver) 


BUS COMPATIBLE 


FOUR DIGIT CMOS DECODER/DRIVER 


in the operational sections of the specifications is not implied. Exposure to 

absolute maximum rating conditions for extended periods may affect device 

reliability. 

Note 1: This limit refers to that of the sacks and will not be realized during 
normal operation. 

Note 2: Due to the SCR structure inherent in the CMOS process, connecting 
any terminal to voltages greater than V* or less than GROUND may 
cause destructive device latchup. For this reason it is recommended 
that no inputs from external sources not operating on the same 
power supply be applied to the device before its supply is established, 
and that in multiple supply systems, the supply to the TSC7211AM/ 
TSC7212AM be turned on first. 


1. Other Chip Select (CS) is either held at logic zero or both CS1 and CSs2 
driven together. 
10-38 


‘PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 
Operating Voltage Range VsupP 3 5 6 V 
Operating Current lop Display Blank _ 10 50 pA 
Oscillator Input Current losci Pin 36 — +2 +10 pA 
Segment Rise/Fall Time tRFS Ci = 200 pF — 0.5 —_— BA 
Backplane Rise/Fall Time tRFB Ci. = 5000 pF — 1.5 — MS 
Oscillator Frequency fosc Pin 36 Floating — 16 — kHz 
Backplane Frequency fap Pin 36 Floating — 125 —_ Hz 
TSC7212AM Characteristics (Common-Anode LED Decoder/Driver) 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 
Operating Supply Voltage Range Vsupp 4 5 6 V 
Dreplay Ott siti NOR Pins 27-34 = GROUND a ay 7 ae 
Operating Current lop. Pin 5 at V+, Display all 8's oo 200 — mA 
Segment Leakage Current ISLK Segment Off — +0.01 = uA 
Segment On Current ISEG Segment On, Vo = +3 V 5 8 — mA 
Input Characteristics (LCD and LED Decoder/Driver) 
PARAMETER | SYMBOL CONDITIONS MIN TYP MAX UNIT 
- Logical “1” Input Voltage . VIH , 3 — — V 
Logical “0” Input Voltage _ MIL a — 1 V 
Input Leakage Current HiLK Pins 27 - 34 — +0.01 +1 HA 
Input Capacitance | CIN Pins 27 - 34 _ 5 = pF 
BP/Brightness Input Leakage IBPLK Measured at Pin 5 with Pin 36 
. at GND _ +0.01 | LA 
BP/Brightness Input Capacitance Cpp! - All Devices — 200 = pF 
AC Characteristics (LCD and LED Decoder/Driver) ; 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 
Chip Select Active Pulse Width tCSA Note 1 200 — _— ns 
- Data Setup Time tps 100 = we ns 
Data Hold Time {DH 10° 0 — ns 
Inter-Chip Select Time tics 2 — _ us 
Note: 


PRODUCT INFORMATION 


TSC7211AM 


TSC7212AM 


Timing Diagrams 


Input Definitions 


cS2 
(CS1) 


DATA AND 
DIGIT SELECT 
CODE 


DON’T CARE 


Figure 1: BUS Interface Timing Diagram (LED or LCD) 


OSCILLATOR : 
FREQUENCY 


~<—__—-128 CYCLES =a 


BACKPLANE 
INPUT/OUTPUT 


OFF SEGMENTS 


“ULL 


be 64 CYCLES —>|<— 64 CYCLES —>| 


‘Figure 2: LCD Display Waveforms 


In this table, V + and GROUND are considered to be normal operating input logic levels. For lowest power consumption, input 
signals should swing over the full supply. 


INPUT TERMINAL CONDITION FUNCTION 
V + Logical One | te 
BO 27 GND = Logical Zero Ones (Least Significant) 
V+ = Logical One 
el Be GND = Logical Zero Twas 
Data Input Bits 
Bo D9 V+ = Logical One Fours 
GND = Logical Zero 
V+ = Logical One Eh sala 
B3 30 GND = Logical Zero Eights (Most Significant) 
OSC Floating or with Oscillator Input 
(LCD Devices 36 external capacitor Sa te Se cs a 
only) GROUND Disables BP output devices, allowing segments to be syn- 
chronized to an external signal input at the BP terminal (Pin 5) 
_ Digit Select Inputs 
pel =] We a oacar One DS2, DS1 = 00 Selects D4 
DS2, DS1 = 01 Selects D3 
a ; DS2, DS1 = 10 Selects D2 
DS2 32 GND = Logical Zero DS2, DS1 = 11 Selects D1 
aes . When both CS7 and CS2 are low the data and digit select 
CS 33 V+ = Inactive input latches are open or enabled. 
On the rising of CS1 or CS2 data is latched, decoded 
CS2 34 GND = Active 


and stored in the output drive latches. 
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~-BUS COMPATIBLE 


TSC7211AM | FOUR DIGIT cmos. DECODER/DRIVER 
TSC7212AM 


Output Definitions 


’ Output pins are defined by the alphabetical segment assignment and numerical digital assignment. 


OUTPUT TERMINAL FUNCTION | OUTPUT TERMINAL FUNCTION | 
Al 37 A Segment Dr. Digit 1 (LSD) A3 - 13 A SegmentDr. Digit3 
Bt —« 38 B B3 14 B 
C1 39 Cc C3 15 Cc 
D1 40 D D3 ~ 16 D 
E1 2 E E3 17 E 
F1 4 F F3 19 F 
G1 3 G G3 18 G 
A2 6 A Segment Dr. Digit 2 | —A4 20 A Segment Dr. Digit 4 (MSD) 
B2 7 B B4 ji 21 B | 
C2 8 Cc C4 22 C 
D2 AS) D D4 23 D 
E2 10 E E4 24 E 
F2 12 F F4 26 F 
G2 11 G G 


G4 | 25 


Oo oy 


Ooo es 


oooo 
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PRODUCT INFORMATION 


Typical Operating Characteristics 


TSC7211AM Operating Supply 
Current as a Function of 
Supply Voltage 


180 


TSC7211AM 
LCDDEVICES 


Ta = 25°C 


V+ VOLTS 


TSC7212AM LED Segment 
Current as a Function of 
sBrigniness Control Voltage 


seria Fa al 
SEGMENT OUTPUT AT +3V wea 
Z A 


IsEG mA 
oO 


VPINS VOLTS 


Basic Operation 
TSC7211AM (LCD) Decoder/Driver 


The TSC7211AM drives four digit, seven segment LCD dis- 
plays. The device contains 28 individual segment drivers, a 
backplane driver, a self contained oscillator and a divider chain 
to generate the backplane signal. 


The 28 CMOS segment drivers and backplane driver contain 
ratioed N and P channel transistors for identical “ON” resis- 
tance. The equal resistances eliminate the d.c. output driver 
component resulting from unequal rise and fall times. This 
ensures maximum LCD display life. 


The backplane output driver can be disabled by grounding 
the oscillator input (pin 36). The 28 output segment drivers 
can therefore be synchronized directly to an input signal at 
the backplane terminal (pin 5). Several slave devices may be 
cascaded to the backplane output of a master device. The 
backplane signal may also be derived from an external 
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TSC7211AM Backplane 
Frequency as a Function 
of Supply Voltage 
i ee a eee 
Sie 


tna Nee 
Bis eeIeese 
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hal 
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ai 
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ie 


V+ VOLTS 


TSC7211AM 
TSC7212AM 


TSC7212AM LED Segment 
Current as a Function 
of Output Voltage 


TSC7212AM 
PINS AT V+ 


A cosc.=0 


IseEG mA 


Vo VOLTS 


TSC7212AM Operating Power 
(LED Display) as a Function 
of Supply Voltage 


TSC7212AM 
LED DEVICES 
DISPLAY ALL EIGHTS 
1500 | LED FORWARD VOLTAGE DROP 
VFLED = 1.7V 
PINS AT V+ 


1800 


POWER mW 
© 
° 
3S 


V+ VOLTS 


source. These features permit interfacing to single back- 
plane LCD displays with characters in multiples of four. 


Each slave's backplane input represents only a 200 pF capa- 
citive load to the master backplane driver (comparable to one 
additional segment). The number of slave devices driveable 
by a master device is therefore set by the larger display back- 
plane capacitive load. The master backplane output will drive 
the display backplane of 16 one-half inch characters with rise 
and fall times under 5 usec. This represents a system with 3 
slave devices and a fourth master TSC7211AM driving the 
backplane (Figure 3). 


lf more than four devices are slaved together, the paceians 
signal should be derived externally and all TSC7211AM 
devices slaved to it. The external drive signal must drive a 
high capacitive load with 1-2 usec rise and fall times. The 
backplane frequency is normally 125 Hz. At lower display 
ambient temperatures the frequency may be reduced to 
compensate for display response time. 


TSC7211AM 
TSC7212AM 


The on chip RC oscillator free runs at approximately 16 kHz. 
A divide by 128 circuit provides the 125 Hz backplane fre- 
quency. The oscillator frequency may be reduced. by con- 


necting an external capacitor between the oscillator terminal | 


(pin 36) and V+ (see typical operating characteristic curve). | 


The free running oscillator may be overriden, if desired, by an 
external clock. The backplane driver, however, must not be 
disabled during the external clock’s negative or low portion 
as this will result in a d.c. drive component being applied to 
the LCD display. This would limit the LCD’s display’s life. To 
prevent backplane driver disabling, the oscillator input 
should be driven from the positive supply to no less than one- 
fifth the supply voltage above ground. A backplane disable 
signal will not be sensed if the driving signal remains above 
ground by one-fifth the supply voltage. An alternate method 
for externally driving the oscillator permits the oscillator 
input to swing the full supply voltage range. The oscillator 
input signal duty cycle is skewed so the low portion duration 
is less than 1 usec. The backplane disable sensing circuit will 
not respond to such a short signal. 


a, 
8 DIGIT 
LCD DISPLAY i} 


BACKPLANE BACKPLANE 
SLAVE 28 MASTER 
mn SEGMENTS HIGH ORDER SEGMENTS HIGH ORDER 


+5V V+ 
GND TSC7211AM GND TSC7211AM 
CcS2 ar 


C82 ps2 
OSC 3.poGS1 DS1 BP, = OSC R3.B0 G51 DSI 


BCD/BINARY 
DATA 


EL 
: 


DIGIT 
SELECT 


Figure 3: TSC7211AM Driving 8-Digit LCD Display 
in Master Slave Configuration. 


TSC7212AM LED Decoder/Driver 
~The TSC7212AM directly drives four digit, seven segment, 


common-anode LED displays. The 28 segment drivers are | 


low leakage, current controlled, open drain N-channel MOS 
transistors. 


A brightness input (pin 5) can be used in two ways to control 
output transistor drain current. The voltage at the brightness 
control input is transferred to the output transistor gate for 


“ON” segments. The brightness voltage directly modulates | 


the segment drivers “ON” resistance. A variable brightness 
control may be implemented with a single potentiometer 
(Figure 4). A high value potentiometer (100 kQ. to 1 MQ) will 
minimize power consumption. 
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BUS COMPATIBLE 


FOUR DIGIT cmos DECODER/DRIVER 


The brightness input may also be operated digitally as a 
display, enable. At a logic 1 the display is fully “ON” and at 
a logic 0 fully “OFF.” The display brightness may be con- 
trolled by a logic signal of varying duty cycle also. When 


- operating with LEDs at higher temperatures and/or higher 


supply voltages, the device power dissipation may need 
to be reduced to prevent excessive chip temperature rise. 
The maximum power dissipation is 1 watt at 25°C. Derate 


linearly above 35°C to 500 mW at 70°C (-15 mW/°C above 


35°C). Power dissipation for the device is given by: 
P = (V" -VFLeD) (ISEG) (NsEG) 


where VFLEp is the LED forward voltage drop, !sec is segment 
current, and nsgeq is the number of “ON” segments. If the 
device is operated at elevated temperatures, the segment 
current can be limited through the brightness input to keep 
power dissipation within the limits described above. 


The display may be blanked (all segments OFF) by applying 
the input code 1111 or by driving the brightness pin with a 
logic 0. If brightness control is not needed, pin 5 should be 
tied to 5.0 V. 


V+ (LED ANODES) 


100 k2 — 1 MQ 


TO BRIGHTNESS CONTROL 
(PIN 5) 


Figure 4: Brightness Control 


Input Configuration and Output Codes 


The TSC7211AM/TSC7212AM accept a four bit, true binary 
(positive level = logic 1) input at pins 27 (LSB) through 30 
(MSB). The output display format is 0 to 9, —, E, H, L,P and 
blank (see Table 1). Segment assignments are shown in 
Figure 5. The TSC7211AM and TSC7212AM will correctly 
decode binary and BCD true codes to a seven: segment out- 
put. 


The TSC7211AM and TSC7212AM are designed to interface 
with a data bus and display data under microprocessor con- 
trol. Four data input bits (Pins 27-30) and two digit select 


input bits (Pins 31, 32) are written into input buffer latches. 


The rising edge of either chip select causes data to be latched, 
decoded and stored in the selected digit output data latch. 
The two bit digit code selects the appropriate output digit 
latch. The four bit display data word is decoded to the “Code 
B” seven segment output format. 


For applications where bus compatibility is not required 


refer to the TSC7211A (LCD), TSC7212A (LED) and 


TSC700A (LED) four digit decoder driver data sheets. These 
devices are designed to accept multiplexed BCD/Binary 
input data for display under the control of four separate digit 
select control signals. | | 


PRODUCT INFORMATION 


TSC7211AM 
TSC7212AM 


BINARY INPUT CODE B 
| TSC7211AM 
B3 B2 Bi BO TSC7212AM 


‘Figure 5: Segment Assignment 


Special Order Decoder Option 


The TSC7211AM and TSC7212AM are mask programmed to 
give the 16 seven segment output codes. For large volume 
orders (25 k pieces minimum) custom decoder options are 
available. Contact factory for details. 


Applications Information 


The TSC7212AM has two ground pins. These pins should be 
connected together. 


Urim| ©OM®NOUAWN=HO 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


+a 3 ODOOHA+20000 
==-0O00-=00;;-00+;+-00 
sao—--oj7-o 70-00-00 


Table 1: Output Code 


Package Outline 


40-Pin Plastic Dual-in-Line Package 
P Package 
(Package #17) 


ee (51.820) 
asetevalakelndalalalalaleve 


A a ee 
0.120 
3 (3.048) 
0.540 (13.716) 
ann LIU UU Uu LJ 


0.060 (1.524) 0.160 = 0.012 (0.305) TYP. 
‘0.020 (.51) . 0.001 (0.025) 


! i 
TYP. 
stem re Pate ie a 
0.070 (1.778) 0.018 (0.457) TYP. 0.100 MAX. 
TYP. 0.020 (0.508) (2.540) ; 
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“9 TELEDYNE 
~ SEMICONDUCTOR 
The Analog Signal Processing Company™ TS C9403 


TSC9404 


SERIAL INPUT/16-BIT PARALLEL 
OUTPUT PERIPHERAL DRIVER 


FEATURES 

m High Voltage Outputs: 20 V (TSC9403), 15 V 
(TSC9404) , 

High Output Current Sink Capability: 60 mA 

Low Standby Power: 20 mW 

High Speed Operation: 3.0 MHz 

16 Parallel Outputs 

Cascading Possible for Longer Data Words 


SIMPLIFIED SCHEMATIC 


LOGIC GROUND 
O 


TSC 9403 
CLOCK O TSC 9404 


eae p. Ft ttt (ee eae OS eae ee 
Fag elec a SO 
INPUT OUTPUT 


: | 
OUTPUT el 

ROUN 
SReoer ieee 17.5 OUTPUT 


O 
Qg 


NOTE: LOGIC 1 SERIAL DATA INPUT BIT TURNS OUTPUT NMOS ON. 
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TSC9403 
TSC9404 


GENERAL DESCRIPTION 


The Teledyne Semiconductor TSC9403 and | 


TSC9404 are serial input, 16-bit parallel output shift 
registers. High output power MOS switching transistors 
make the TSC9403 and TSC9404 ideal interface circuits 
between microprocessor !/O ports and high current/ 
voltage peripherals. The CMOS construction limits 
quiescent power dissipation to 20 mW. 

The TSC9403 common source, open drain 
MOS outputs sustain 20 V in the OFF state and 
maintain leakage currents under 100 vA. The TSC9404 
outputs are rated at 15 V. The 16 parallel outputs will 
continuously sink 60 mA. (Vsar S 0.5V). 

Successive connection of serial data outputs 
to serial data inputs make longer length serial to 
parallel conversions possible. Device cascading makes 
the TSC9403 and TSC9404 ideal thermal printhead or 
high resolution LED bar graph drivers. 


Applications 


Incandescent Lamp Driver 

Thermal Printhead Driver 

LED Bar Graph Driver 

High Current, Microprocessor Serial Port Expander 
Relay/Solenoid Driver 

Tungsten Lamp Driver 

SCR Gate Driver 
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SERIAL INPUT/16-BIT PARALLEL 
OUTPUT PERIPHERAL DRIVER 


Ordering Information 


Part No. 


TSC9403CJ 
TSC94031L 


TSC9404CJ 


TSC9404iL 


TSC9404ML 


Package 
24-Pin 
Epoxy Dip 
24-Pin 
CerDIP 
24-Pin 
Epoxy Dip 
24-Pin 
CerDIP 
24-Pin 
CerDIP 


Pin Configuration 


SERIAL DATA INPUT (J 1 
LOGIC GROUND [} 2 


OUTPUT GROUND [ § 12 


Temperature Output 
Range Voltage 

0°C to 70°C 20 V 
-25°C to 85°C 20 V 
0°C to 70°C 15 V 
~25°C to 85°C 15 V 
-55°C to 125°C —is«dS VV 


23 [J CLOCK ’ 
22 [] SERIAL DATA OUTPUT 


17 |. } OUTPUT GROUND 


PRODUCT INFORMATION 


TSC9403 
TSC9404 


Absolute Maximum Ratings 


Supply Voltage (V+ to Logic Ground) ............. 7.0 V CerbiP Package: «isscciscssawd se Sena 0.4 W @ +125°C 

Digital Logic Input Voltage ...................006. 5.5 V EDOXY. PaACkaG@:. seh C324 sks bcakenwevenen 1W@70°C 

Parallel Output Drain Voltage ............. 00.00 eee 22 V Operating Temperature 

Parallel Output Drain Current ..............000 08 80 mA CerDIP Package (IL) ............ -25°C < Ta < +85°C 

Logic Ground to Output Ground CerDIP Pacakge (ML) .......... -55°C < Ta < +125°C 
Potential Difference ............ ccc cece eee eee 100 mV | Epoxy Package (CJ) ...........005. 0°C < Tas +70°C 

Package Power Dissipation Storage Temperature ............. -65°C < Ta = +150°C 
CerDIP Package ..........ececeeeeeeeeee 1W @ 85°C Lead Temperature (Soldering, 60 Sec) ........... +300° C 


Electrical Characteristics (vs = 5.0 v, 0°C < Ta < +70°C for TSC9403CU, TSC9404CJ and -25°C < Ta +85°C for 
TSC9403IL, TSC9404IL, and -55°C to +125°C for TSC9404ML unless otherwise stated). 


TSC9403/TSC9404 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
lo =60 mA _ 
Output ON Voltage VSAT Vs =4.75V 0.35 0.5 V 
Output OFF Voltage Vp aes es eet ee 
TSC9404 — —_ 15 V 
Output Sink VsaT $0.5 V a _ 
Current V0 (Note 1) 60 mA 
Vs =4.75 V 
esas lox Ve = 20 V (TSC9403) — es 100 yA 
VB = 15 V (TSC9404) 
Logic “1” = = = 
Input Voltage VINH Vs = 5.25 V 3.3 V 
Logic “0” = = be 
Input Voltage VINL Vs = 5.25 V 0.8 V 
Logic “1” : S _ _ | 
Input Current NINH Vs = 5.25 V 20 uA 
Logic “0” VINL= 0.4 V 
Input Current INL Vs = 5.25 V “se =: a un 
Input Capacitance CIN VinL =O V — 15 — pF 
Serial Output Vv 1OH = 400 vA 2.4 — ss V 
Logic “1” Voltage on loo =10 nA 4.5 _ _ V 
Serial Output = soit sas 
Serial Input 
Data Hold Time {DH a0 : = aS 
Serial Input 
Data Set-up Time tbs he he 7 ne 
Clock Frequency top 3 5 — MHz 
Clock Pulse Width tpw 150 100 — ns 


VB = 20 V (TSC9403) 


Parallel Output i 
Low to High tPLH VES toy CISC o808) — — 150 ns 


we : Ri = 330 0 
Transition Time CL = 25 pF 
VB = 20 V (TSC9403) 


Parallel Output = 
High to Low {PHL ee LE aa = = 200 ns 


Transition Time Rt = 3302. 
CL = pF 
Serial Output . ) 
Low to High tSLH ee = _ st a 
Transition Time L p 
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SERIAL INPUT/16-BIT PARALLEL 
TSC9 403 OUTPUT PERIPHERAL DRIVER 
TSC9404 


Electrical Characteristics (Cont.) 


| TSC9403/TSC9404 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Serial Output CU dota | | | 
High to Low tSHL ee | — — 75 ns 
Transition Time cee 4 
Operating CS 
Supply Voltage Vs | 4.75 5.0 5.25 V 
Vs = 5.25 V 
fo =0 Hz : oe 
Quiescent i = pd _ 
Power Supply Is ; _ ae ; oe | 1.0 4.0 mA 
tees | Pin 22 Open 


Note 1: Maintain Chip Temperature < 150°C. 


Timing Diagrams 


Function Table oe 
DATA PARALLEL OUTPUTS | 
ee CLOCK 
wn [os [om [os on] 
Die 


[ale 
GE 
ai 


SERIAL 
OUTPUT 


b) Serial Output Transition Time 
; L* = Output NMOS ON 


H* = Output NMOS OFF 

X= Don't Care 

_*= Transition from Low to High 

D1, Do, ... Dig = Data Inputs at Clock Time T-Nn. 


50% f CLOCK 50% . 


| | ' . * Data is Inverted at the Parallel Outputs. 


PARALLEL 
OUTPUT 


c) Parallel Output Transition Time 
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PRODUCT INFORMATION 


TSC9403 
TSC9404 


Applications 


Microprocessor Controlled LED Bar 
Graph Display Thermal Printhead Driver 


PRINT VOLTAGE 


SINGLE BOARD MICROCOMPUTER 
(SYM-01) 


 @522VIA.sid . 
STROBE ° 
LINES . 


SERIAL CLOCK 
INPUT “9 Tsc 9404 


Q; Qig GND 


L [| 


ERS DATA SERIAL 


DATA INPUT gage, OUTPUT 


Plastic Dip CerDIP 
(Package #12) (Package #14) 
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Notes © 


ENGINEER: 


PROJECT: 


DESCRIPTION ae 


DEPT: 


DATE: 


4 TELEDYNE 
SEMICONDUCTOR 


TSC9405 


16-BIT PARALLEL LATCHED OUTPUT 
PERIPHERAL DRIVER 


FEATURES 

M@ High Voltage Outputs ................... 15V 
= @ High Output Current Sink Capability ... 60 mA 
£ M@ Low Standby Power .................... 1 mW 
@ High Speed Operation ............... 3.0 MHz 
- M@ 16 Latched Parallel Outputs 

@ Cascading Possible for Longer Data Words 

HM Dual-Rank Latches and STROBE Input for Ripple- 

free Data Update 
S| . @ OUTPUT ENABLE Input Disables Outputs With- 
0 0.05 0.1 015 O02 025 03 out Corrupting Data 
Vout (V) 


iw TSC9405 


ea RS aes SS LR eA (as FE ee ee on 
pee SNC 
ee ESS Ha RE (|G a 
ENS es el ESC CEC 


i POR a Et is i a 0 
ENABLE wiatelolelelelelebohoks er sreke 


© GROUND 
1?_,4 GROUND 


4 5 6 8 9} 10) 11) 137 14] 15) 16; 18] 197; 20}. 21 


O O O e O 6 O O O O O 
Q; Qs Qs Qs Qr Qs Qs Qin Qu Qi2 Qis Qra Qis Qi 


Rioap 


Ve 
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TSC9405 


GENERAL DESCRIPTION 


The Teledyne Semiconductor TSC9405 i isa earl 
input, 16-bit parallel latched output shift register. Master 
slave data latches and high output power MOS switching 
transistors combine to make the TSC9405 an ideal 
interface circuit between microprocessor |/O ports and 
high current/voltage peripherals. The CMOS construc- 
tion limits quiescent power dissipation to 1 mW. 


The TSC9405 common source, open drain MOS. 
outputs sustain 15 V in the OFF state and maintain 


leakage currents under 100.uA. The low output ON 
resistance allows all 16 channels to simultaneously sink 


60 mA with a saturation voltage of 0.5 V maximum and - 
power dissipation of 480 mW. Typical power dissipation. 


of 16 channels sinking 60 mA is only 325 mW. 


Dual rank latches and a STROBE. ROBE input permit 
glitch-free data updating. With the STROBE input high, 
data is entered into master latches on each rising edge of 
the CLOCK input. When STROBE is brought low, data is 
transferred to the slave latches simultaneously. An 
OUTPUT ENABLE (OE) inputis also included, so that all 
outputs can be turned off. Both STROBE and OUTPUT 
ENABLE are asynchronous, level-sensitive inputs. 


— Successive connection of serial data outputs to 
serial data inputs make longer length serial to parallel 
conversions possible. Device cascading makes the 
TSC9405 an ideal thermal printhead, high resolution 
LED bar graph, or incandescent lamp driver. 


NEW PRODUCT INFORMATION 


Applications 8 


@ Incandescent Lamp Driver 

@ Thermal Printhead Driver 

-@ LED Bar Graph Driver 

@ High Current, Microprocessor Serial Port Expander 
M@ Relay/Solenoid Driver 

™ Tungsten Lamp Driver 

M@ SCR Gate Driver 


Pin Configuration 


“P TSC9405 


SERIAL DATA INPUT [J] 1 | 241) V's 
STROBE [_] 2 23 [] CLOCK 
22 [J] SERIAL DATA OUTPUT 


17 1) GRouND 


OUTPUT ENABLE [] 12 


ORDERING INFORMATION 


Part — Package Temp. Range Output 
| Voltage 


TSC9405CPG —-24-Pin Epoxy Dip 0°C to 70°C 15V 
-TSC9405ING. 24-PinCerDip -25°Cto85°C 15V 
~ TSC9405MJG ~—s-_-.24-Pin CerDip _ -55°C to 125°C. 415 V 
-TSC9405Y _ Chip 25°C 15V 


: Devices Available with MIL-STD-883 Processing 


TSC9405MJG/883 24-Pin CerDip  -55°C to125°C 15V 
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16-BIT PARALLEL LATCHED OUTPUT PERIPHERAL DRIVER 


TSC9405 


Absolute Maximum Ratings 


Supply Voltage(V's to Ground) ................. 7.0 V Operating Temperature 
Digital Logic Input Voltage ..................04. 5.5V  CerDIP Package (IJG) ......... -25°C = Ta S +85°C 
Parallel Output Drain Voltage ................... 18V  CerDIP Package (MJG)........ -55°C S Ta S +125°C 
Parallel Output Drain Current ................. 80 mA Epoxy Package (CPG) ........... 0°C [Ta = +70°C 
Package Power Dissipation Storage Temperature ........... -65°C = Ta = +150°C 
CerDIP Package .................0005. 1 W @ 85°C Lead Temperature (Soldering, 60 Sec) ........ +300°C 
CerDIP Package ................ 04W@ 125°C 
Epoxy Package ................006. 1W@ 70°C 
Electrical Charateristics V‘’s=5.0V Ta 


TSC9405C 90°C to +70°C 
TSC94051 -25°C to +85°C 
TSC9405M -55°C to +125°C 


OUTPUT 
SECTION 
TEST TSC9405 
SYMBOL =§PARAMETER CONDITIONS MIN TYP = MAX UNIT 
lo = 60 mA | 
Vsat Output ON Voltage Vs = 4.75 V, Ta = 24°C 25 4 V 
(Note 2) 
lo=60 MA | 
Vsat Output ON Voltage Vs = 4.75 V Ta = FULL MV 
(Note 2) 
Vs Output OFF Voltage rs a eee 
Output Sink Vsat = 0.6 V 
lo Current (Note 1) mA 
Output Leakage Vis= 4.75 V 
lox Current Ve=15V 100 UA 
INPUT a | 
SECTION / | 
; Logic “1” . 
ViINH Input Voltage Vig= 5.25 V 2.4 V 
Logic “0” 
Vint Input Voltage V's= 5.25 V V 
| Logic “1” Vin = 2.4. V 
lint Input Current Vis = 5.25 V 40 LA 
Logic “0” Vin. = 0.8 V 
line Input Current V's =5.25V HA 
Cin Input Capacitance Vin =OV Ee de ee pF 
Serial Output lon = 400 pA | 2.4 47 V 
Von Logic 1” Voltage lon =10 MWA 45 4.98 V 
Serial Output | 
Vor Logic “0” Voltage lo. = 3.6 mA 0.4 V 
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NEW PRODUCT INFORMATION — 


-—TSC9405 


| TIMING 


SECTION , 
. hie TEST | TSC9405. 
SYMBOL PARAMETER CONDITIONS MIN TYP | 
Serial Input 
tox Data Hold Time Ta = 25°C 40 20 
Serial Input — | 
tos Data Set-up Time Ta = 25°C | 50 
fc Clock Frequency Ta = 25°C 
tew Clock Pulse Width Ta = 25°C 
Parallel Output STROBE = LOW | 
teLH1 Low to High OE = LOW ) 
‘Transition Time — Note 3 and Figure 1 
°° Parallel Output | STROBE = LOW _ | 
tent High to Low OE=LOW: 
Transition Time Note 3 and Figure 1 _ 
Parallel Output STROBE= | | 
teLH2 Low to High OE=LOW 300 ns 
Transition Time | Note 3 and Figure 1 
Parallel Output STROBE= ~_ 
tpHL2 High to Low OE = LOW 300 ns 
Transition Time Note 3 and Figure1. | 
Parallel Output STROBE =_DON'T CARE - | 
teLHe Low to High OE = 250 ns 
: Transition Time Note 3 and Figure 1 
Parallel Output STROBE = DON’T CARE 
teHte High to Low OE= 250 ns 
Transition Time Note 3 and Figure 1 
Serial Output ie. , 
tsHL High to Low lr =36mA : ns. 
: Transition Time Ci = 25 pF Ta = 25 © . 
Serial Output | : 
tsiH Low to High lon = 400 vA 150 ns 
Transition Time C. = 25 pF Ta = 25 
tspw Strobe Pulse Width Ta = 25°C 80 : ns 


SUPPLY 

SECTION 
Operating 
Supply Voltage 


Vs =5.25V 
Is Quiescent fc = O Hz 
Power Supply Vin. = OV yA 
lo =OQmA 
Pin 22 Open 


Notes: | 
1. Maintain die temperature < 150°C. 
2. Vsat increases by 0.1 V when all outputs are sinking 
60mA due to internal ground drop and self-heating. 
3. Ve = 15 V, Ri = 330 Q, Cr = 25 pF, Ta = 25°C 
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16-BIT PARALLEL LATCHED OUTPUT PERIPHERAL DRIVER 


Figure 1. Timing Diagrams 


a) Serial‘Input Data Hold and Set-up time 


ZA Feaiisrions 


b) Serial Output Transition Time 


c).Paralle! Output Transition Time 
(STROBE = Low, OE = Low) 


50% } 


Oe ow Input Transition Time 
E = Low) 


50% STROBE 


50% PARALLEL 


OUTPUT 
tpHL2 


e).OQUTPUT ENABLE Transition Time 
(STROBE = Don't Care) 


ead OUTPUT 
ENABLE 


50% PARALLEL 
OUTPUT 
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TSC9405 


Function Table 


DATA PARALLEL | PARALLEL OUTPUTS. 
OE | STROBE | INPUT ICLOCK 
Dn IINPUT}| Q; 5 = .Q 


16 
a ee ee eee 
fet ce | H | # [ee Dis 
ee ae ae ae er 
ae LAST 
VALID STATE 
L = Logic 0 
H = Logic 1 
L* = Output NUOS ON 
= Output NMOS OFF 
X_= Dont Care 


_4 = Transition from Low to High 
D;, Dz, ...D16 = Data Outputs before the low-to-high 
transition of the clock. 


NOTE: OE and STROBE Inputs are level sensitive, 
not edge-triggered. 


NEW PRODUCT INFORMATION 


TSC9405 


APPLICATIONS 


Microprocessor Controlled LED Bar 
Graph Display | 


SINGLE BOARD MICROCOMPUTER 
SYM 


SERIAL CLOCK STROBE | 
DATA ~~ 
INPUT ee = 


Q, TSC9405 Qi. GND 


LED BAR GRAPH DISPLAY 


PRINT 
VOLTAGE 


Q2— —— ~~" Qie 


INPUT 


OUTPUT 
DATA 


05 TSC9405 
STROBE ‘ STROBE 


SERIAL 4 a. SERIAL 
C94 


STROBE 
LINES 
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16-BIT PARALLEL LATCHED OUTPUT PERIPHERAL DRIVER 


TSC9405 


Package Outline 


P Package J Package 
Plastic Dip CerDIP 
(Package #12) (Package #14) 


045° 155, 
020 7H 


oly EEE 015 a as 


Bonding Diagram 


SER V 
STROBE INPUT { 


wae ERS ep te even, Se 
x cae at ae eRe eed aa, teers 
|. 
I i ce au se td cose enn aes ot aaa 
t pea [wean hart eo bapa | 


Qs OUTPUT Qs 


ENABLE 
SSS eS iS ee 
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Section 11 
Power Control ICs 


#7 TELEDYNE 


SEMICONDUCTOR 
The Analog Signal Processing Company™ TSCl1 70 


TSC171 


CMOS CURRENT MODE 
SMPS CONTROLLER FEATURES 


m Low Supply Current with 

CMOS Technology .......... 3.8 mA Maximum 

Current Mode Control 

Internal Reference ...................... 51 V 

Fast Output Rise/Fall Time (C, = 1000 pF) . . . 50ns 

Dual Push-Pull Outputs 

Direct Power MOSFET Drive 

High Totem Pole Output Drive ......... 300 mA 

Differential Current Sense Amplifier 

Programmable Current Limit 

Soft Start Operation 

Double Pulse Suppression 

Under-Voltage Lockout 

Wide Supply Voltage Operation ...... 8 to 16 V 

High Frequency Operation ........... 200 kHz 

Plastic and CerDIP Package 

Available with Low (TSC170) or High (TSC171) 

“OFF” State Outputs 

m Low Power, Pin Compatible Replacement for 
UC3846/3847 


Fi SN ate eM OES oe Rel eid ine ES ae ee ere 
Vin Oo 5.1 VOLT 
Ne REFERENCE ee TSC170 
Ro ~ Vpp 
5 output A (SL) 
Co C) 
10 
SYNCH O 


3 
—CURRENT SENSE © 


INPUT 


UNDERVOLTAGE ad : 
OSCILL ATOR LOCKOUT eee »D 
X3.15 CURRENT fs 0 
AMPLIFIER ita 

meer COMPARATOR 


PWM LATCH 


+CURRENT SENSE © 
INPUT 


7 
COMPENSATION © 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
\ 
] 
| 
{ 
l 
I 
+ERROR AMP on 100 pA CY) 
INPUT | 
—ERROR AMP a ! 
INPUT | 
{ E 
| 
{ 
| 
| 
| 
| 
| 
| 
| 
| 
| 
{ 
| 
| 
| 
is 


LIMIT BUFFER 
AMPLIFIER 


ry 


© CURRENT LIMIT/SOFTSTART ADJUST 


| 
| 
| 
SHUTDOWN 
COMPARATOR 
116 
O SHUTDOWN 


LOCK-UP 
AMPLIFIER 


TSC 170: OUTPUTS LOW IN OFF STATE 
TSC171: OUTPUTS HIGH IN OFF STATE 


| 
| 
| 
J 
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TSC170 
TSC171 


GENERAL DESCRIPTION 


The TSC170/171 bring low power CMOS tech- 
nology to the current mode switching power supply 
controller market. Maximum supply current is 3.8 mA. 
Bipolar current mode control integrated circuits require 
five times more operating current. Low power supply 
current eliminates auxiliary power transformers. In off 
line powering schemes where a simple zener diode 
circuit provides device supply voltage, power dissipation 
is greatly reduced. CMOS technology decreases system 
cost, increases power efficiency, reduces heat gener- 
ation, and increases total system reliability. 

The dual totem pole CMOS outputs drive 
power MOSFET or bipolar transistors. The 50 ns 
typical output rise and fall times wtih a 1000 pF 
capacitive load minimize power MOSFET transition 
power dissipation. Output peak current is 300 mA. 

The TSC170/171 contain a full array of system 
protection circuits. The undervoltage lockout circuit 
forces outputs OFF if the supply voltage drops below 
7.0 V. A soft start feature is also available. The soft start 
option forces the PWM outputs to initially operate at a 
minimum duty cycle and low peak output current. The 
TSC170/171 can be directly turned OFF through a 
remote shutdown control pin. The shutdown mode can 
be latched (power must be turned OFF to restart 
system) or non-latched. The soft start feature can also 
be used in system shutdown application. Double 
output pulse suppression guarantees output drive 
pulses always alternate from one output driver to the 
other. Peak current is adjustable by the user. 

Current mode control lets users parallel power 
supply modules. Two or more TSC170/171 controllers 
can be slaved together for parallel operation. Circuits 
can operate from a master TSC170/171 internal oscil- 
lator or an external system oscillator. 


- CMOS CURRENT MODE 
~~ §MPS CONTROLLER 


Ordering Information 


Part No. Package 
TSC170CPE 16-Pin Plastic DIP 
TSCI70VE 146-Pin CerDIP 
TSCI70MJE = =—«*16-Pin CerDIP 
TSC171CPE 16-Pin Plastic DIP 
TSCI71IJE 16-Pin CerDIP 
TSC171MJE 16-Pin CerDIP 
TSC170Y Chip 

TSCI71Y Chip 


TSC170MSE/883 16-Pin CerDip 


TSC170MSE/883 16-Pin CerDip 


The TSC170/171 operate from an 8 V to 16 V. 


power supply. An internal 2% 5.1 V reference minimizes 
external component count. The TSC170/171 is pin 
compatible with the Unitrode UC1846/2846/3846 and 
UC1847/2847/3847 bipolar controllers. 

Other advantages inherent in current mode 
control include superior line and load regulation and 
automatic symmetry correction in push-pull converters. 


11-4 


Pin Configuration 


CURRENT LIMIT/ 
SOFTSTART L1] ® 


Vrer OUT[2 | 
(—) CURRENT SENSE; 
uT LI 


: an 
(+) CURRENT SENSE [a | 
(INPUT 


TSC170/ 
(+) ERROR AMP INPUT[5] 'SC171 


(—) ERROR AMP INPUT[ 6 | 
COMPENSATION 


TSC170 — OUTPUT LOW IN “OFF” STATE 
TSC171 — OUTPUT HIGH IN “OFF” STATE 


Operating 
Temperature 
Range 


0°C to 70°C 
-25°C to 85°C 
-55°C to 125°C 
0°C to 70°C 
~25°C to 85°C 
-55°C to 125°C 


-55°C to 125°C 
-55°C to 125°C 


16 | SHUTDOWN 


PRODUCT INFORMATION 


TSC170 
TSC171 


Absolute Maximum Ratings ua (Junction to Ambient) .........062660666 105 °C/W 
dic (Junction to Case) .........0020 0022 eee 60°C/W 


Supply Voltage (Pin 15) ..... 0... ccc cee eee 18 V 

Output Voltage (Pin13) 6... eee, Voo or 18 V faeik Fae Uae Resistance: 40 °C/W 
Analog Inputs (Pins 3, 4, 5, 6, 16) .. O3VtoVs +03 V -- ae i eon te ese ee a ee es °C/W 
Storage Temperature Range ......... -65 °C to +150 °C O tina T R ae ee ep ee ta 

Lead Temperature (Soldering, 10 Seconds) ..... +300 °C Pel a one Mende 


150°C Commercial ........csecceeeveves O Cto +70°C 
Industrial .. 0... ccc cee e eevee cee “29°C to +85°C 


; Bos cc Military... cece cee eee eee ee ee “ONC tO +125°C 
Electrical Characteristics: vy = 16 Vv, Ro = 24 kf,Co = 1 nF, Ta = 25 °C Unless otherwise indicated. 


Maximum Chip Temperature ................005. 


. TSC170/171 
TYPE NO. SYMBOL PARAMETER TEST CONDITION MIN TYP MAX UNIT 
1 VREF Output Voltage louT=1mA 5.0 5.1 5.3 V 
REFERENCE 2 Line Regulation ViNn=8V to 16 V 5 15 mV 
VOLTAGE 3 Load Regulation louT = 1mA to 10 mA 13 20 mV 
4  Vratc Temperature Coefficient Over Operating Temp. Range 0.4 0.5 mvV/°C 
: 5 Oscillator Frequency 35 42 46 kHz 
OSCILLATOR 6 Voltage Stability Vin =8V to 16V 1.1 1.5 %/V 
7 Temperature Stability . Over Operating Temp. Range 5 10 % 
8 Vos Input Offset Voltage 30 mV 
9 |B Input Bias Current 1 nA 
ERROR 10 Vcmr|R Common-Mode Input Voltage VIN=8V to 16 V fe) Vgi-2V V 
AMPLIFIER 11. Avot ‘Open-Loop Voltage Gain VouTtT=1Vto 6V 70 dB 
12 BW Unity Gain Bandwidth 1.2 MHz 
13. CMRR Common-Mode Rejection Ratio Vcmv =0 to 14V 60 dB 
14. PSRR Power Supply Rejection Ratio ViIn=8V to 16 V 60 dB 
15 Amplifier Gain Pin3=0Oto1.1V 3.0 3.15 3.3 V/V 
cE 16 ne eeara ee Veinee Wens “44 V 
AMPLIFIER a a 
sis Common-Mode Input Voltage 0 “Vg -3V V 
CURRENT = 18 ee 05 : V 
ADJUST 19 Ip Input Bias Current 1 nA 
20 VtTB Threshold Voltage 0.3 0.35 0.4 V 
SHUTDOWN 21° Vin Input Voltage Range 0 Vs V 
TERMINAL 22 ee 19 WA 
= curciaren HA 
24 Vop Output Voltage Pin 13 Vs V 
25 VoL Output Low Level ISINK = 20 MA 0.4 V 
OUTPUT 26 VoL Output Low Level IsiInK = 100 mA 2.0 V 
STAGE 27. VoH Output High Level IsoURCE = 20 mA Vs.-1V V 
28 VoH Output High Level ISoURCE = 100 mA Vg -4.0V V 
29 tr Output Rise Time Cri = 1000 pF 50 150 ns 
30 tr Output Fall Time CL = 1000 pF 50 150 ns 
UNDERVOLTAGE 21 Start-up Threshold 7.25 7.7 8.25 V 
LOCKOUT 32 Threshold Hysteresis 0.5 0.75 1.0 V 
SUPPLY 33 Is Standby Supply Current 2.7 3.8 mA 
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TSC170 
TSC171 


Peak Current Limit Setup 


Resistors R1 and R2 at the current limit input (Pin 1) set the 
TSC170 peak current limit (Figure 1). The potential at Pin Ml is 
easily calculated: — 


R2 
R1 + R2 


V1 = VREF 


R1 should be selected first. The shutdown circuit feature is 
not latched for (VREF - 0.35)/R1<50 uA and is latched for 
currents greater than 125 pA. 


The error amplifier output voltage is clamped from going 
above V1 through the limit buffer amplifier. Peak current is 
sensed by RS and amplified by the. current amplifier which 
has a fixed gain of 3.15. 


IPCL, the peak current limit, is the current that causes the 
PWM comparator non-inverting input to exceed V1; the 
potential at the inverting input. Once the comparator trip 
point is exceeded both outputs are disabled. 


IPCL is easily calculated: 


V1 -.75V 


1) IPCL = 

3.15 (RS) 
where: 

R2 

a) V1 =Vaerp ~——_—— 

R1 + R2 
b) Vrer = Internal voltage reference = 5.1 V 
C) 3.15 = gain of current sense amplifier 


d) 0.75 V = Current limit offset . 


Both driver outputs (Pin 11 and Pin 14) are OFF (iow) when 
the peak current limit is exceeded. When the sensed current 
goes below IPCL the circuit operates normally. 


‘CMOS CURRENT MODE 
-SMPS CONTROLLER 


Output Shutdown 


The TSC170 outputs can be turned off quickly fiteuah the 
shutdown input (Pin 16). Asignal greater than 350 mV at Pin 
16 forces the shutdown comparator output nigh The PWM 
latch is held set disabling the outputs. 


Q2 is also turned on. If VREF/R1 is greater than 125 uA, post: 
tive feedback through the lock-up amplifier and Q1 keeps the 
inverting PWM comparator inverting input below 0.75 V. Q3 
remains on even after the shutdown input signal.is removed 
because of the positive feedback. The state can be cleared 
only through a power-up cycle. Outputs will be disabled 
whenever the potential at Pin 1 is below 0.75 V. 


The shutdown terminal gives a fast, direct way to disable the 
TSC170 output transistors. System protection and remote 
shutdown applications are possible. 


The input pulse to Pin 16 should be at least 500 ns wide and 
have an amplitude of at least 1 volt in order to get the minimum 
propagation delay from input to output. If these parameters are 
met then the delay should be less than 600 ns at 25 degrees 


— celcius, however the delay time will increase as the device 
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temperature rises. 


Soft Restart from Shutdown 


A soft restart can be programe! if non-latched shutdown 
operation is used. 


A capacitor at Pin 1 will cause a gradial increase in potential 
toward V1. When the voltage at Pin 1 reaches 0.75 V the PWM 
latch set input is removed and the circuit establishes a regu- 
lated output voltage. The soft start operation forces the PWM 
output drivers to initially operate with minimum duty cycle 
and low peak currents. 


Even ifa soft start is not required, it will be necessary to insert a 
capacitor between Pin 1 and ground if the current IL is greater 
than 125 microamps. This cap will prevent “noise triggering” of 
the latch yet minimize the soft start effect. 


PRODUCT INFORMATION 


SWITCH 

CURRENT 
X3.15 CURRENT 
AMPLIFIER 


PWM COMPARATOR 


FROM 
UNDERVOLTAGE 
LOCKOUT 


ERROR 
AMPLIFIER 


LIMIT 
BUFFER 
AMPLIFIER 


LOCK-UP 
AMPLIFIER 


350 mV O 


POSITIVE 
FEEDBACK 


Figure 1: R1 and R2 Set Maximum Peak Output Current 


TSC170 
TSC17/1 


UN" = 4 
OUTPUT 
OFF (LOW) 


PWM LATCH 


VREF 


SHUTDOWN 
COMPARATOR 


TSC170 
TSC171 


Soft Start Power-Up 


During power-up a capacitor at R1, R2 will initiate a soft start cycle. 
As the input voltage (Pin 15) exceeds the undervoltage lockout 
potential (7.7V), Q4 is turned off ending undervoltage lockout. 
Whenever the PWM comparator inverting input is below 0.5 V 
both outputs are disabled. 


When the undervoltage lockout level is passed, the capacitor 
begins to charge. The PWM duty cycle increases until the 
operating output voltage is reached. Soft start operation 
forces the PWM output drivers to initially operate with mini- 
mum duty cycle and low peak current. 


Current Sense Amplifier 


The current sense amplifier operates at a fixed gain of 3.15. 
Maximum differential input voltage (Vpin 4 - VPIN 3) is 1.1 V. 
Common-mode input voltage range is 0 V to Vin- 3 V. 


Resistive sensing methods are shown in Figure 2. In Figure 
2A, asimple RC filter will limit transient voltage spikes at Pin 4 
_ caused by external output transistor collector capacitance. 
Transformer coupling in Figure 3 offers isolation and better 
power efficiency but cost and complexity increase. 


A. GROUND REFERENCE 


X3.15 CURRENT 
SENSE AMP 


*OPTIONAL RC FILTER 


X3.15 CURRENT 
SENSE AMP 


B. ABOVE GROUND RESISTIVE SENSING 


Figure 2: Resistive Sensing 


In order to minimize the propagation delay from the input to the 
current amplifier to the output terminals the current ramp 
should be in the order of 1 micro second in width (min). Typical 
time delay values are in the 300 to 400 ns region at 25 degrees 
celcius. The delay time increases with device temperature so 
that at 50 degrees the delay times may be increased by as 
much as 100 ns. 


CMOS CURRENT MODE 
~ SMPS CONTROLLER 


X3.15 CURRENT SENSE 
AMPLIFIER 


Figure 3: Transformer Isolated Current Sense 


Undervoltage Lockout 


The undervoltage lockout circuit forces the TSC170 outputs 
OFF (low) if the supply voltage is below 7.7 V. Threshold 
hysterisis is 0.75 V. Hysterisis guarantees clean, jitter free 
turn-on and turn-off points. The hysterisis also reduces 
capacitive filtering requirements at the PWM controller 
supply input (Pin 15). 


Circuit Synchronization 

Current mode controlled power supplies can be operated in 
parallel with a common load. Paralleled converters will equally 
share the load current. Voltage mode controllers unequally 
share the load current decreasing system reliability. 


Two or more TSC170 controllers can be slaved together for 
parallel operation. Circuits can operate from a master 
TSC170 internal oscillator with an external driver (Figure 4). 


_ Devices can also be slaved to an external oscillator (Figure 5). 


Disable internal slave device oscillators by grounding Pin 8. 
Slave controllers derive an oscillator from the bi-directional 
synchronization output signal at Pin 10. 


Pin 10 is bidirectional in that it is intended to be both a sync 
output and input. This is accomplished by making the output 
driver “weak.” This is advantageous in that it eliminates an 
additional pin from the package but does not enable the de- 
vice to directly drive another device. In order to make it an 
effective driver a buffer is required. (Figure 4) In order to use 
pin 10 as a sync input it is necessary to overcome the internal 
driver. This requires a pulse with an amplitude equal to Voc. 
Since Vcc must be above 8.25 volts for the undervoltage lock- 
out to be disabled, a CMOS or open collector TTL driver should 
be used. 
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PRODUCT INFORMATION 


MASTER 


EXTERNAL* 
OSCILLATOR 


4 TSC170 


SYNC 
Var 


“PULSE WIDTH OF OSCILLATOR IS = Ty 


Figure 5: External Clock Synchronization 


Oscillator Frequency and 
Output Dead Time 


The oscillator frequency for Ro = 24 kQ. and Co = 1000 pF is: 
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SYNC 


TSC170 
TSC171 


1 TSC170 


i" 


1/2 TSC427 


| TSC170 


oe 1.27 2800 Co 
RoCo  ROCo| Co+ 150 x 10° 
where: Ro = Oscillator Resistor (Q) 


Co = Oscillator Capacitor (F) 
Fo = Oscillator Frequency (Hz) 


The oscillator resistor Ro can range from 5 kf to 50 kf. 


Oscillator capacitor Co can range from 250 pF to 1000 pF. 
Figure 7 shows typical operation for various resistance and 
Capacitance values. 


During transitions between the two outputs simultaneous 
conduction is prevented. Oscillator fall time controls the out- 
put off or dead time (Figure 6). 


Delay time is approximately: 
2000 [Co] 
1-/2.3 
Ro 
Where: Ro = Oscillator Resistor (k2) 
Co = Oscillator Capacitor (F) 


Tp = Output Dead Time (sec.) 


Maximum possible duty cycle is set by the delay time. 


| | _ CMOS CURRENT MODE 
TSC170 | SMPS CONTROLLER 
TSC171 


ICHARGE ~ —p7 


—— —_—————————_ 
Tp — OUTPUT DEAD TIME 


1.27 Cc 
O PIN 8 ) | foe ee a leeraen Fo [He] Ro [2] -¢0 [*] 
DISCHARGE Co 
URRENT — > Ol i 2000 Cg 
VY 7V 


* 
DY 4-23 


Figure 6: TSC170 Oscillator Circuit 
Typical Characteristic Curves 


Output Rise and Fall Time: Output Rise and Fall Time: 
CLoab = 500 pF | | CLOAD = 1800 pF 


A on 


TSC170/171 
Tp = 25°C 


"~~ 


TSC170/171 


Vg= 16V 


Oscillator Frequency 
vs Oscillator Resistance 
50 
45 


AWA a ea 
40 CE eee 
BANA 
ot AAAS 
HAAS 


Output Rise and Fall Time: (Figure 7) 
CLOoAD = 1000 pF 


Tsc170/171 
= tp pF 


OSCILLATOR RESISTOR (kQ) 
N 
a 


. OSCILLATOR FREQUENCY (kHz) rn 
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49 TELEDYNE 
SEMICONDUCTOR TSC426 
The Analog Signal Processing Company™ TS C 497 


TSC428 
DUAL POWER MOSFET DRIVER 


FEATURES 
m@ High Speed Switching (Cy = 1000pF) ..... 30ns 
@ High Peak Output Current ............... 1.5A 
m High Output Voltage Swing ........ Vs - 25mV 
GND + 25mV 
m@ Low Input Current (Logic “O” or “1”) ...... 1A 
m@ TTL/CMOS Input Compatible 
m@ Available in Inverting & Non-Inverting Configurations 
m Wide Operating Supply Voltage .... 4.5V to 18V 
m Low Power Consumption 
(Inputs Low) ...... re re ee ee 0.4mA 
(Inputs High) ..... Pee eee eer ery me 8mA 
mg Single Supply Operation 
m Low Output Impedance ................... 60 


m Pin Out Equivalent ot DS0026 & MMH0026 


“4 TSC426/427/428 


NON-INVERTING INVERTING 
OUTPUT UTPUT 


oO 
(TSC427) (TSC426) 


NOTE: TSC428 HAS INVERTING & NON-INVERTING DRIVER 
GROUND UNUSED DRIVER INPUT 
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TSC426 
TSC427 
TSC428 


GENERAL DESCRIPTION 


The TSC426/427/428 are dual CMOS high 
speed drivers. A TTL/CMOS input voltage level is 
translated into an output voltage level swing equalling 
the supply. The CMOS output will be within 25 mV of 
ground or positive supply. Bipolar designs are capable 
of swinging only within 1 volt of the supply. 

The low impedance high current driver outputs 
will swing a 1000 pf load 18 V in 30 ns. The unique 
current and voltage drive qualities make the TSC426/ 
427/428 ideal power MOSFET drivers, line drivers and 
DC to DC converter building blocks. 

Input logic signals may equal the power supply 
voltage. Input current is a low 1 uA making direct 
interface to CMOS/BIPOLAR switch mode power 
supply control integrated circuits possible as well as 
open collector analog comparators. 


Quiescent power supply current is 8 mA maxi- 


mum. The TSC426 requires.1/5 the current of the pin 
compatible bipolar DS0026 device. This is important in 
DC to DC converter applications with power efficiency 
constraints and high frequency switch mode power 
supply applications. Quiescent current is typically 
6 mA when driving a 1000 pf load 18 V at 100 kHz. 

The inverting TSC 426 driver is pin compatible 
with the bipolar DS0026 and MMH0026 devices. The 
TSC427 is non-inverting; the TSC428 contains an 
inverting and non-inverting driver. 


Pin Configuration 


INVERTING 


NC = NO CONNECTION 


DUAL POWER MOSFET DRIVER 


Part No. 


TSC426CPA 
TSC4261JA* 
TSC426MJA* 
TSC427CPA 
TSC4271JA* 
TSC427MJA* 
TSC428CPA 
TSC4281JA* 


TSC428MJA" 


TSC426C/Y 
TSC427C/Y 
TSC428C/Y 


TSC426COA 


TSC427COA 
TSC428COA 


Package 
8-Pin 
Plastic Dip 
8-Pin 
CerDIP 
8-Pin 
CerDIP 
8-Pin 
Plastic Dip 
8-Pin: 
CerDIP 
8-Pin 
CerDIP 


~ 8-Pin 


Plastic DIP 


8-Pin 
CerDIP 


8-Pin. 
CerDIP 


CHIP 
CHIP 
CHIP 
SOIC 


SOoic 
SOIC 


"Ordering Information 


Configuration 


inverting 


nverting 


Inverting 


- Non-Inverting 


Non-Inverting 


Non-inverting 
Non-Inv. & Inv. 
Non-Inv. & Inv. 


Non-Inv. & Inv. 


Inverting 
Non-Inverting 


Non-Inv. & Inv. 


Temperature 
Range 


0°C to +70°CC 
-25°C to +85°C 
-55°C to +125°C 
0°C to +70°C 
-25°C to +85°C 
-55°C to +125°C 
0°C to +70°C 
-25°C to +85°C 


-55°C to +125°C 
25°C 
25°C 
25°C 

0°C to +70°C 


0°C to +70°C 
0°C to +70°C 


* For devices with 125°C, 160 Hour Burn In add /BI to part number suffix. 


NON-INVERTING 
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PRODUCT INFORMATION 


Absolute Maximum Ratings (Notes 1, 2, 3) 


Power Dissipation 


TSC426 
TSC427 
TSC428 


Input Voltage Any Terminal... Vs + 0.3 V to Ground -0.3 V 
Operating Temperature 


Plastic Sia Neaiala Vege er ter tee aces teren MOL Seiceta le IO Seer ies dlierwas eves ee eer eiee ale 500 mw M Version PT Raa Rs Oe ~55° C to +125°C 
CerDIP See LeU mans ois eau 800 mW | Version .......-cccccc ccc cecceee. ~25°C to +85°C 
Derating Factors C VGISION. sfecscanteraewwracreweecda 0°C to +70°C ; 
Plastic .......... see eee 5.6 mW/*C Above rites Maximum Chip Temperature .................05. +150°C 
CerDIP os ee eee eee eee eee 6.0 mw/*C Storage Temperature ...............4. -55°C to +150°C 
Supply Voltage ...... 06... see eee eee eee 20V —s Lead Temperature (10 Sec) ..........0eceee eee ees 300° C 
TSC426 
Electrical Characteristics: 1, = 25°C with45v< Vs < 18 V unless otherwise specified. 
TSC426 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
Logic 1 me 2 
! : VIH Input Voltage 2.4 : 
x Logic 0 
p 2 VIL ons a2 = 0.8 Vv 
rT input Voitage 
bs 3 IN Input Current 0 <Vin < Vs -1 = { uA 
4 VOH High Output Voltage Vs -0.025 — — V 
O 5 VoL Low Output Voltage — — 0.025 V 
U 
T VIN = 0.8 V 
p 6 Ro Output Resistance iaur= 10: maA We 48 _ 10 15 D 
U 
VIN = 2.4 V 
T 7 ~~ Ro Output Resistance isu = 10: mA eo8 — 6 10 Q 
8 ~~ IPK Peak Output Current — 1.5 — A 
S 9 T ; 
Ww R Rise Time Test Figure 1 — — 30 ns 
Lor 
T I 10 Tr Fall Time Test Figure 1 _ —_ 20 ns 
Cu 
H 
E 11. Tp1 Delay Time Test Figure 1 — — 40 ns 
N 
G 12 Tpe2 Delay Time Test Figure 1 — — 75 ns 
S 
ou 13 Is Power Supply Current Vin = 3.0 V (Both Inputs) = = 8.0 mA 
Ww 
Pp 
7 : 14 Is Power Supply Current Vin = 0.0 V (Both Inputs) — — 0.4 mA 
TSC426 
Electrical Characteristics: over operating temperature range with 4.5 V < Vs < 18 V unless otherwise specified. 
TSC426 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
Logic 1 = _ 
1 L VIH Input Voltage a ¥ 
N 
P 2 VIL Fogle = ee 0.8 V 
U Input Voltage 
i 3 IN Input Current 0<Vin < Vs -10 a 10 pA 
oO 4 * 
U VOH High Output Voltage Vs -0.025 —_ — V 
T 
P 5 VoL Low Output Voltage — — 0.025 V 
U 
T 
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DUAL POWER MOSFET DRIVER 


1. Functional operation above the absolute maximum stress ratings is not 


implied. 


3. Switching times guaranteed by design. 
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TSC426 ; | : 
Electrical Characteristics: over operating temperature range with 4.5 V < Vs < 18 V unless otherwise specified. 
TSC426 - 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
xe) beg Vin = 0.8 V | 
U 6 Ro Output Resistance lout = 10 mA, Vs = 18 V a 13 20. 0) 
P ) a 
U ; ViIN=2.4V u2 At 
t 7 ~~ Ro Output Resistance lour-= 10 mA. Vex18 V 8 15 e) 
| . 8 TR - Rise Time Test Figure 1 — _ 60 ns 
Uy 
T 9 TF Fall Time Test Figure 1 —_ — 40 ns 
Cc M : 
H 
I E 10 Tp1 Delay Time Test Figure 1 — —_ 60 ns 
N 
G 11. Tpe Delay Time Test Figure 1 — a 120 ns 
S 
oY 12 Is Power Supply Current Vin = 3.0 V (Both Inputs) — — 12.0 mA 
Ww | 
Pp 
3 L 13. Is Power Supply Current ‘Vin = 0.0 V (Both Inputs) — — 0.6 mA 
TSC427 _ | | 
Electrical Characteristics: 1, = 25°C with 4.5 V< Vs < 18 V unless otherwise specified. - 
- | TSC427 
TYPE NO. SYMBOL PARAMETER CONDITION MIN TYP MAX UNIT 
Logic 1 a = _ 
I 1 Min Input Voltage a4 | t 
N : 
Logic 0 at. 
7 2. Vit Input Voltage “a Oe ¥ 
t 3 IN Input Current 0 <Vin = Vs -1 _ 1 A 
4 VOoH High Output Voltage Vs -0.025 = — V 
5 5 VoL Low Output Voltage — — 0.025 V 
T 3 ; } Vin = 2.4 V . 
: 6. Ro Output Resistance lout = 10 mA, Vs = 18 V_ = 10 15 8) 
Vin = 0.8 V 
T 7 Ro Output Resistance lout = 10 mA, Vs = 18 V = 6 10 2) 
8  IPK Peak Output Current | a 1.5 sci A 
9 TR Rise Time | Test Figure 1 — — 30 ns 
| Tt | 
T ; 10 TF _ Fail Time Test Figure 1 — _ 20 ns 
1M 
E 11. ~-Tp1 Delay Time Test Figure 1 —_ — 40 ns 
. . 
G 12 Tpe2 Delay Time Test Figure 1 — — 75 ns 
S 
OY 13 Is Power Supply Current Vin = 3.0 V (Both Inputs) — — 8.0 mA 
“A : . 
Pp 
5 y 14 Is Power Supply Current Vin = 0.0 V (Both Inputs) — — 0.4 mA 
NOTES 2. Static Sensitive device. Unused devices must be stored in conductive 


material to protect devices from static discharge and static fields. 
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PRODUCT INFORMATION 


TSC426 
TSC427 
TSC428 


TSC427 
Electrical Characteristics: Over operating temperature range with 4.5 V < Vs < 18 V unless otherwise specified. 
TSC427 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
Logic 1 
I 1 MIB Input Voltage 2.4 — - v 
N 
Logic 0 
‘ a Vi Input Voltage a = 0.8 v 
i 3 IIN Input Current 0 <Vin < Vs ~10 “= 10 uA 
4  VOH High Output Voltage Vs -0.025 —_ — V 
O 
U 5 VoL Low Output Voltage — — 0.025 V 
T 
P Vin =2.4V 
U 6 Ro Output Resistance lour= 10 mA Ve=487 — 13 20 9) 
T 
Vin = 0.8 V = 
7 ~~ Ro Output Resistance lour= 10 MA, Ve=48 V 8 15 Q 
- 8 TR Rise Time Test Figure 1 — —. 60 ns 
i 
T i 9 TF Fall Time Test Figure 1 — = 40 ns 
Cu 
H 
i E 10 Tp1 Delay Time Test Figure 1 _ —_ 60 ns 
N 
G 11. Tpe2 Delay Time Test Figure 1 — _ 120 ns 
S 
ou 12 Is Power Supply Current Vin = 3.0 V (Both Inputs) — — 12.0 mA 
WwW 
P 
E t 13 Is Power Supply Current Vin = 0.0 V (Both Inputs) — — 0.6 mA 
TSC428 
Electrical Characteristics: 1, = 25°C with 4.5 V< Vs < 18 V unless otherwise specified. 
TSC428 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
Logic 1 ie -_ 
| ; VIH Input Voltage “4 
N 
P 2 Vi ey = = 0.8 V 
U nput Voltage 
ui 3 HIN Input Current 0<ViInN < Vs -1 — 1 pA 
4 VOH High Output Voltage Vs -0.025 — —_ V 
O 5 VOL Low Output Voltage — — 0.025 V 
U ys 
T ee Output High = 
p 6 Ro Output Resistance | leur 10 mA. Weds 10 19 ce) 
U 
Output Low 
T 7 ~~ Ro Output Resistance iour =10 mA, VeoH18 V = 6 10 0; 
8 IpK Peak Output Current — 1.5 — A 
NOTES: 2. Static Sensitive device. Unused devices must be stored in conductive 


1. Functional operation above the absolute maximum stress ratings is not 


implied. 


material to protect devices from static discharge and static fields. 
3. Switching times guaranteed by design. 
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TSC426 DUAL POWER MOSFET DRIVER 
TSC427 
TSC428 


TSC428 


Electrical Characteristics: 1, = 25°C with 4.5 V< Vs < 18 V unless otherwise specified. 
. TSC428 . 

TYPE NO. SYMBOL PARAMETER CONDITIONS MIN — TYP MAX | UNIT 
- 9 TR Rise Time Test Figure 1 — — 30 ons 
| r $$$ rrr 
T I 10 TF Fail Time Test Figure 1 — — 20 ns 
Cu | 

H —_ 

E 11. -Tp1 Delay Time Test Figure 1 — — 40 ns 
N : 
G 12 Tpe2 Delay Time Test Figure 1 — — eee 6) ns 
S 
6U 13 Is Power Supply Current Vin = 3.0 V (Both Inputs) — — 8.0 mA 
Ww . 
P ; 
7 7 14 Is Power Supply Current Vin = 0.0 V (Both Inputs) — — 0.4 mA 
TSC428 
Electrical Characteristics: over operating temperature range with 4.5 V < Vs < 18 V unless otherwise specified. 
TSC428 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP — MAX UNIT 
Logic 1 = = 
I > OM Input Voltage eo : 
N 
Logic 0 _ 
2 Vi Input Voltage | i oe ¥ 
T 3) on Input Current 0 <VIN < Vs ~10 a 10 uA 
4  VOH High Output Voltage . Vs -0.025 — _ V 
O 
U 5 VoL Low Output Voltage — — 0.025 V 
T A a a i ee 
P : Output High _ ae 
U 6 Ro Output Resistance lout = 10 mA, Vs = 18 V | | 13 20 0) 
T =o 
7 ,; Output Low vey 
7 | Ro . Output Resistance lout = 10 mA, Vs = 18 V 8 15 Q 
- 8 TR Rise Time Test Figure 1 — — 60 ns 
l T 
T I 9 TF Fall Time Test Figure 1 . — —_ 40 ns 
Cu 
H 
' E 10 Topi . Delay Time Test Figure 1 . = = 60 ns 
N | 
G 11. Tope Delay Time Test Figure 1 —_ — 120 ns 
Ss . 
Ou 12 Ig Power Supply Current Vin = 3.0 V (Both Inputs) = — 12.0 mA 
W nn Ee nnn 
P 
7 7 13 Is Power Supply Current Vin = 0.0 V (Both Inputs) — — 0.6 mA 

NOTES: | : 2. Static Sensitive device. Unused devices must be stored in conductive 

1. Functional operation above the absolute maximum stress ratings is not — material to protect devices from static discharge and static fields. 
implied. 3. Switching times guaranteed by design. 
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PRODUCT INFORMATION TSC426 
TSC427 
TSC428 


Switching Time Test Circuits 


ae ) OUTPUT 
C, = 1000 pf T C, = 1000 pf 


34 TSC426 % wm 1SC427 
(1/2 TSC428) (1/2 TSC428) 


INPUT 


0.4 V 


18 V 
18 V 


OUTPUT OUTPUT 


OV 


TSC426 Switching Speed 


TIME (100 ns/DIV) TIME (100 ns/DIV) 
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TSC426 
TSC427 
TSC428 


Typical Characteristic Curves 


Rise and Fall Time vs 
Supply Voltage 


mgm 180426 
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“DUAL POWER MOSFET DRIVER 


Delay Time vs Supply Voltage 


4 TSC426 


Cy = 1000 pf 


TIME (ns) 


SUPPLY VOLTAGE (V) 


Supply Current vs 
Capacitive Load 
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High Output vs Voltage 


we. TSC426 
qe = 25°C 


0 10 20 30 40 50 60 70 80 90 100 
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TIME (ns) 


TIME (ns) 


_ OUTPUT VOLTAGE (V) __ 


Ceo rg 
, = ae ‘i 


Rise and Fall Time vs 
Temperature 


Mg TSC426 
A Cy = 1000 pf 


5 50 7 100 «#125 150 
TEMPERATURE (°C) 


Rise and Fall Time vs 
Capacitive Load 
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Low Output Voltage 
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TSC427 
TSC428 


Typical Characteristic Curves 


Rise and Fall Time vs Rise and Fall Time vs 
Temperature Delay Time vs Temperature Supply Voltage 
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TSC426 
TSC427 
TSC428 


Typical Characteristic Curves 


Quiescent Power Supply Current 
vs | 
Supply Voltage 


TSC426/427/428 

NO LOAD 

BOTH INPUTS LOGIC “1” 
Ta = 25°C 


n~ 


= 
oi 


10 


SUPPLY VOLTAGE (V) 
MAXIMUM PACKAGE POWER DISSIPATION (mW) 


3 4 
SUPPLY CURRENT (mA) 5 
AMBIENT 


Supply Bypassing 

Charging and discharging large capacitive loads quickly 
requires large currents. For example, changing a 1000 pf load 
18 volts in 25 ns requires a 0.8 A current from the Gevice 
power supply. 


To guarantee low supply impedance over a wide frequency 
range, a parallel capacitor combination is recommended for 
~ supply bypassing. Low inductance ceramic disk capacitors 
with short lead lengths (<0.5 inch) should be used. A 4.7 uf 
solid tantalum capacitor in parallel with one or two 0.1 uf 
ceramic disk capacitors normally provides adequate by- 
passing. | 


Grounding 


The TSC426:and TSC428 contain inverting drivers. Ground. 


potential drops developed in common ground impedances 
from input to output will appear as negative feedback and 
degrade switching speed characteristics. 


Individual ground returns for the input and output circuits or 
a ground plane should be used. 


Input Stage 


The input voltage level changes the no load or quiescent sup- 


ply current. The N channel MOSFET input stage transistor 
drives a 2.5 mA current source load. With a logic “1” input, 
the maximum quiescent supply current is 8 mA. Logic “0” 
input level signals reduce quiescent current to 400 pA maxi- 
mum. Minimum power dissipation occurs for logic “0” inputs 


for the TSC426/427/428; unused driver inputs must be 


grounded or tied to the positive supply. 


The drivers are designed with 100 mV of hysteresis. This pro- 


vides clean transitions and minimizes output stage current - 


spiking when changing states. Input voltage thresholds are 
approximately 1.5 V making the device TTL compatible over 
the 4.5 V to 18 V operating supply range. Input currentis less 
than 1 wA over this range. 


Package Power 
Dissipation 


r 


DUAL POWER MOSFET DRIVER 


Quiescent Power Supply Current 
vs 
Supply ibis ? 


20| a 


cL TSC426/427/428 


TSC426/427/428 NO LOAD 
BOTH INPUTS LOGIC “0” 


Ta = 25°C 


~ KOVAR LEAD FRAME 
CERDIP PACKAGE 


— 
a 


SUPPLY VOLTAGE (V) 
5) 


50 100 150 200 


TEMPERATURE (°C) SUPPLY CURRENT (uA) 


The TSC426/427/428 may be directly driven by the TL494, 
$G1526/1527, SG1524, SE5560 and similar switch mode 
power supply integrated circuits. 


Power Dissipation © 


The supply current vs frequency and supply current vs capa- 
citive load characteristic curves will aid in determining power 
dissipation calculations. 


The TSC426/427/428 CMOS drivers have greatly reduced 
quiescent DC power consumption. Maximum quiescent | 
current is 8 MA compared to the DS0026 40 mA specifica- 
tion. Fora 15 V supply, power dissipation is typically 40 mW. 
Two other power dissipation components are: 

® Output stage AC and DC load power. 

© Transition state power. 


Output stage power is: 


Po = Poc + Pac 
= Vo (Ipc) +f CL V8 
Where: 
Vo = DC output voltage | 
Ipc = DC output load current 
f = Switching frequency 
Vs = Supply voltage 


In power MOSFET drive applications the Ppc term is negli- 
gible. MOSFET power transistors are high impedance, 
capacitive input devices. In applications where resistive 
loads or relays are driven the Ppoc componen! will normally 
dominate. 


'. The magnitude of Pac is readily estimated for several cases: 


4. = 200 kHz B. 4 = 200 kHz 
2. CL = 1000 pf - 2. Ct = 1000 pf 
3.Vs=18V- 3.Vs=15V 


4. Pac = 65 mW 4. Pac = 45 mw 
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PRODUCT INFORMATION TSC426 
TSC427 
TSC428 


During output level state changes, a current surge will flow between the logic “0” and logic “1” levels. Unused driver inputs 
through the series connected N and P channel output must be tied to ground and not be allowed to float. Average 
MOSFETS as one device is turning “ON” while the other is power dissipation will be reduced by minimizing input rise 
turning “OFF.” The current spike flows only during output times. As shown in the characteristic Curves, average supply 
transitions. The input levels should not be maintained current is frequency dependent. 


Voltage Doubler 


=SRRReSeeee 
th. <REeR ESR 
EES. SER ee 
i Zaeee. Seas 
fe ae anal 
ERAS RO eee es 
Heid cae eerie leaeleds 
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0 5 10 20 30 40 50 60 70 80 90 100 
lout (mA) 


1N4001 


2 Vout 
+ 1N4001 +e uf 


0 
0 5 10 20 30 40 50 60 70 80 90 100 
lout (mA) 


8-Pin Plastic Dip 8-Pin CerDIP: 
(Package #4) (Package #5) 


NOMINAL 
325 


5 6 7 


0 Ly 16)_ 0 ie AM 
9.40) - ce a) aa 


SEATING Ca ain (o 5) 
PLANE 
100 (2. 54) .310 (7.87) 
290 (7.37) 


> 
.070 (1. 78) Buy oi 
.030 (0.76) >” i We 015 (0.38) 
| |< —e} he 0° — 15° -008 (0.20) : 
-020 (0.51) .027 
.016 (0.41) STANDOFF 
WIDTH 
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ENGINEER: 


PROJECT: 


DESCRIPTION 
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DEPT: 


DATE: 


“4 TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC429 


HIGH SPEED SINGLE CMOS 
POWER MOSFET DRIVER 


FEATURES 


m Wide Operating Range ............ 7V to 18 V 
w High Impedance CMOS Logic Input 
m Logic input Threshold Independent of Supply Voltage 
m Low Supply Current 

— 5 mA Maximum with Logic 1 Input 

— 0.5 mA Maximum with Logic 0 Input 
m= Output Voltage Swing Within 25 mV of Ground or Vg 
m Low Delay Time .................. 75 ns Max. 
m High Capacitive Load Drive Capability 

— trise; traLL = 35 ns Max with Cioap = 2500 pF 


Typical Application 


2 - 1000 pF 
1- 0.01 nF PARALLEL 
4-O.1 uF 

1-1yF 

1- 0.001 uF } PARALLEL 

1-0.01 uF 


“4& 180429 
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TSC429 


GENERAL DESCRIPTION 


The TSC429 is asingle high speed CMOS level 
translator and driver. Designed specifically to drive 
highly capacitive power MOSFET gates, the TSC429 
features a 2.5 Q output impedance and 6A peak output 
current drive. 

A 2500 pF capacitive load will be driven 18 V in 
25 ns. Delay time through the device is 60 ns. The rapid 
switching times with large capacitive loads minimize 
power MOSFET transition power loss. | 

A TTL/CMOS input logic level is translated 
into an output voltage swing that equals the supply. 
The output will swing to within 25 mV of ground or V8. 
Input voltage swing may equal the supply. Logic input 
current is under 10 wA making direct interface to 
CMOS /Bipolar switch mode power supply controllers 
easy. Input “speed-up” capacitors are not required. 

The CMOS design minimizes quiescent power 
supply current. With a logic 1 input, power supply 
current is 5 mA maximum and decreases to 0.5 mA for 
logic 0 inputs. 


For dual devices see the TSC426/427/428 pro- _. 


duct data sheet. 


Applications 


m Switch Mode Power Supplies 
m CCD Drivers 

m Pulse Transformer Drive 

m Class D Switching Amplifiers 


HIGH SPEED SINGLE CMOS 
~ POWER MOSFET DRIVER 


Ordering Information 


Temperature 
Part No. Package Range 
8-Pin 7 - 
TSC429CPA Plastic DIP O0°C to 70°C 
TSC4291NA* 8-Pin . -25°C to 85°C 
CerDIP | 
TSC429MJA* 6Pin 85°C to 125°C 
CerDIP . 3 
TSC429Y CHIP ._ . 25°C 


* For devices with 125°C, 160 Hour Burn In add /BI to part number 


suffix. : 


Pin Configuration 


NC = NO INTERNAL CONNECTION 
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PRODUCT INFORMATION 


TSC429 


Input Voltage Any Terminal . Vs + 0.3 V to Ground -0.3 V 


Absolute Maximum Ratings (Notes 1, 2, 3) 


Power Dissipation Operating Temperature 
PU SUG. sicd isis arte a Soca ced Wo Sse. rec alestea ee aye eatetens 500 mW MIN GISION:s ents neoeeimakeeebsee -§5°C to +125°C 
COLI aie stare tued th haaeee@atadaies 800 mW I. VGISIONN: so.2 eye Cet ils rhe es eur Metra tions -25° C to +85°C 
Derating Factors CO: VOrSiON eateisusavedtaniwatenae dace 0°C to +70°C 
PIASIIC: “ceniwackoesvereosy: 5.6 mW/°C Above 36° C Maximum Chip Temperature ................006. +150°C 
OHLOUP «abo migdeasay wearing erate he diel ea lens 6.0 mW/° C Storage Temperature ................. -§5°C to +150°C 
SUDDIY VOllage: (exes cei fia wd eke baaeeendased 20 V Lead Temperature (10 Sec) .......... 0.0... eee eee 300° C 
TSC429 
Electrical Characteristics: T, - 25° Cc with 7.0 V < Vs < 18 V unless otherwise specified. 
TSC429 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
Logic 1 = V 
l ’ VIH Input Voltage 2.4 18 
N : 
Logic O = 0.8 V 
i a AE Input Voltage 13 
T 3 iin Input Current 0 <Vin < Vs ~10 bs 10 yA 
4 VOH High Output Voltage Vs -0.025 — — V 
Oo 5 VOL Low Output Voltage — — 0.025 V 
U re iy I a ae eet Fa a nt he er es SE 
T Vin =0.8V = 9) 
Pp 6 Ro Output Resistance lout = 10 mA, Vs = 18 V 1.8 2.5 
U a a ee a a a 
: VIN=2.4V eh 
T 7 Ro Output Resistance lout = 10 MA, Vs = 18 V . 1.5 2.5 0, 
8 = IpK Peak Output Current Vs=18V_ (See Fig 3) — 6 _ | A 
= 9 TR: Rise Time Test Figure 1, CL = 2500 pF — 23 35 ns 
' Sc a a he er ee 
T i 10 +=Tr Fall Time Test Figure 1, CL = 2500 pF — 25 35 ns 
Cu a aE ag ee ts oe 
H 
E 11. -Tp1 Delay Time Test Figure 1 — 53 75 ns 
N 
G 12 Tp2 Delay Time Test Figure 1 — 60 75 ns 
Py 13 Is Power Supply Current Vin = 3.0 V — 3.5 5.0 mA 
Pp 
WwW 
Pp 
5 L 14 Is Power Supply Current Vin = 0.0 V a 0.3 0.5 mA 
TSC429 
Electrical Characteristics: Over operating temperature range with 7.0 V < Vs < 18 V unless otherwise specified. 
. TSC429 
TYPE NO. SYMBOL PARAMETER : CONDITIONS MIN TYP MAX UNIT 
| Logic 1 . - — V 
i 1 Vik Input Voltage a 
N ? 
Logic 0 a _ 0.8 V 
? Be: Nt Input Voltage 
To 3 tin Input Current 0<VIN < Vs -10 Ses 10 pA 
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HIGH SPEED SINGLE CMOS 
POWER MOSFET DRIVER 


TSC429 


Electrical Characteristics: over operating temperature range with 7.0 V < Vs < 18 V unless otherwise specified. 


TSC429 on 4 ; 
TYPE NO. SYMBOL PARAMETER CONDITIONS . MIN TYP MAX ~~ UNIT 
4. Vou High Output Voltage Vs -0.025 ae: ee" V 
oO : 
in 5 VoL Low Output Voltage a | — — 0.025 Vv 
P ate ~ VIN=08V | 
= 6 Ro Output Resistance Our=1OMAL Ve=418V -_ = 5.0 0) 
Vin =2.4V Se 
7 Ro Output Resistance lout = 10 mA, Vs = 18 V _ 5.0 9) 
. 8 TR Rise Time | Test Figure 1, CL = 2500 pF — — 70 ns 
I Se er ee ee 
TT 9 TF Fail Time Test Figure 1, CL = 2500 pF — — 70 ns 
Cu 
H ¢ 
ck 10 Tp1 Delay Time Test Figure 1 aa — 100 ons 
N 
G 11. Tp2 Delay Time Test Figure 1 — ae 120 ns 
6u 12 Is Power Supply Current VIN = 3.0 V ee ne 12.0 mA 
W 
P 
. L 13 Is Power Supply Current — ViN=0.0 V — — 1.0 mA 
NOTES: 2. Static Sensitive device. Unused devices must be stored in conductive 
1. Functional operation above the absolute maximum stress ratings is not material to protect devices from static discharge and static fields. 
implied. 3. Switchina times auaranteed bv desian. 
Switching Time Test Circuit | - TSC429 Switching Speed 


VOLTAGE (5V/DIV) 


mm OUTPUT GRRE © 1SC429 
a ae ee meee CL = 2500p F 
eens Vs = 18V 


VOLTAGE (5V/DIV) 


Figure 1: inverting Driver Switching Time 
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PRODUCT INFORMATION 


TSC429 


Typical Characteristic Curves 


Rise and Fall Time 
vs Supply Voltage 
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Rise and Fall Time 
vs Temperature 


TEMPERATURE (°C) 


Delay Time 
vs Supply Voltage 


ee 
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Supply Current 
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HIGH SPEED SINGLE CMOS 
POWER MOSFET DRIVER 


TSC429 


Typical Characteristic Curves (cont.) 
Quiescent Power 


- Supply Current Supply Current 
- vs Frequency vs Supply Voltage 


Messe IIe 
SAT eal 

ite 
HN 


Uae 
ue 
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4 mm TSC429 


Tp = 25°C 


i 
(a sO ae Le a eat 
eer iceeeiee 
ae ease eee 
Ate aes 


SUPPLY CURRENT (mA) 
SUPPLY CURRENT (mA) 


FREQUENCY (kHz) 


Quiescent Power 
Supply Current Voltage Transfer 
vs Temperature Characteristic 

ge 180429. 

a 


7a HYSTERISIS 


SUPPLY CURRENT (mA) 
OUTPUT VOLTAGE (V) 


- High Output Voltage | Low Output Voltage 
vs Current | vs Current 


age Tsc429 . 


age 180429 
Ta = 25°C 


Ty = 25°C 


(Vg — Vout) (mv) 


OUTPUT VOLTAGE (mV) 


. ' CURRENT SOURCED (mA) CURRENT SUNK (mA) 
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PRODUCT INFORMATION 


TSC429 


Supply Bypassing 


Charging and discharging large capacitive loads quickly 
requires large currents. For example, changing a 2500 pF 
load 18 volts in 25 ns requires a 1.8 A current from the device 
power supply. 


To guarantee low supply impedance over a wide frequency 
range, a parallel capacitor combination is recommended for 
supply bypassing. Low inductance ceramic disk capacitors 
with short lead lengths (<0.5 inch) should be used. A 10 u F 
solid tantalum capacitor in parallel with one or two 0.1 uw F 
ceramic disk capacitors normally provides adequate bypassing. 


Grounding 


The high current capability of the TSC429 demands careful 
PC board layout for best performance. Since the TSC429 is 
an inverting driver, any ground lead impedance will appear as 
negative feedback which can degrade switching speed. The 
feedback is especially noticeable with slow-risetime inputs, 
such as are produced by an open collector output with resis- 
tor pullup. The TSC429 input structure includes about 300 
mV of hysterisis to ensure clean transitions and freedom from 
oscillation, but attention to layout is still recommended. 


Figure 2 shows the feedback effect in detail. As the TSC429 
input begins to go positive, the output goes negative and 
several amperes of current flow in the ground lead. As little as 
0.05 Q of PC trace resistance can produce hundreds of milli- 
volts at the TSC429 ground pins. If the driving logic is 
referenced to power ground, the effective logic input level is 
reduced and oscillations may result. 


TEK CURRENT 
PROBE 6302 


LOGIC 


O 
GROUND PC TRACE RESISTANCE = 0.05 82 


POWER 
GROUND 


Figure 2: Switching Time Degradation Due to Negative 
Feedback 
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To ensure optimum performance, separate ground traces 
should be provided for the logic and power connections. 
Connecting the logic ground directly to the TSC429 GND 
pins will ensure full logic drive to the input and ensure fast 
output switching. Both of the TSC429 GND pins should be 
connected to power ground. 


Input Stage 


The input voltage level changes the no load or quiescent sup- 
ply current. The N channel MOSFET input stage transistor 
drives a 3 mA current source load. With a logic “1” input, the 
maximum quiescent supply current is 5 mA. Logic “O” input 
level signals reduce quiescent current to 500 nA maximum. 


The TSC429 input is designed to provide 300 mV of hystere- 
sis. This provides clean transitions and minimizes output 
stage current spiking when changing states. Input voltage 
levels are approximately 1.5 V, making the device TTL com- 
patible over the 7 V to 18 V operating supply range. Input 
current is less than 10 uw A over this range. 


The TSC429 can be directly driven by the TL494, SG1526/ 
1527, SG1524, SE5560 and similar switch mode power supply 
integrated circuits. By offloading the power-driving duties to 
the TSC429, the power supply controller can operate at lower 
dissipation. This can improve performance and reliability. 


Power Dissipation 


CMOS circuits usually permit the user to ignore power dis- 
sipation. Logic families such as 4000 and 74C have outputs 
which can only supply a few milliamperes of current, and 
even shorting outputs to ground will not force enough cur- 
rent to destroy the device. The TSC429, on the other hand, 
can source or sink several amperes and drive large capacitive 
loads at high frequency. The package power dissipation limit 
can easily be exceeded. Therefore, some attention should be 
given to power dissipation when driving low impedance 
loads and/or operating at high frequency. 


The supply current vs frequency and supply current vs capa- 
citive load characteristic Curves will aid in determining power 
dissipation calculations. Also, Table 1 lists the maximum 
operating frequency for several power supply voltages when 
driving a 2500 pF load. More accurate power dissipation 
figures can be obtained by summing the three power sources. 


Input signal duty cycle, power supply voltage, and capacitive 
load influence package power dissipation. Given power dis- 
sipation and package thermal resistance the maximum 
ambient operation temperature is easily calculated. The 
CerDIP 8-pin package junction to ambient thermal resistance 
is 150° C/W. At 25° C the package is rated at 800 mW maximum 
dissipation. Maximum allowable chip temperature is 150°C. 


TSC429 


Three components make up total package power dissipation: 


© Capacitive load dissipation (Pc) 
® Quiescent power (Pa) 
®@ Transition power (PT) 


The capacitive load caused dissipation is a direct function of 
frequency, capacitive load, and supply voltage. The package 
power dissipation is: 


EQ.1:Pc =f CVs2 
where: F = switching frequency 

'C =capacitive load 

Vs = supply voltage 

Quiescent power dissipation depends on input signal duty 
cycle. A logic low input results in a low power dissipation 
mode with only 0.5 mA total current drain. Logic high signals 
raise the current to 5 mA maximum. The quiescent pore 
dissipation is: 


EQ.2: Pq =Vs(D (IH) + (1-D) IL) 


where: lH = quiescent current with input high 


(5 mA Max) 
IL = quiescent current with input low 
(0.5 mA Max) 
D = duty cycle 


Transition power dissipation arises because the output stage 
N and P channel MOS transistors are “on” simultaneously for 
a very short period when the output changes. The transition 
package power dissipation is approximately: 


EQ. 3: PT = f Vs (3.0 x 10°°) 
An example shows the relative magnitude for each term. | 


Example 1: 
C =2500 pF 
Vs= 15 V. 
D = 50% ~ 
f =200 kHz. | 
Pp=Package power dissipation = Pc + Pt + Pa 

= 113 mW + 90 mW + 26 mW 

= 229 mW 
Max. operating temperature = = Ty - OJA (PD) 

— =115°C 
where: | 
Ty = Max. allowable junction temperature (150°C) 
OJA = Junction to ambient thermal resistance (150° C/W, 
CerDIP) | 


NOTE: Ambient operating temperature should not exceed 
85°C for “IJA” device or 125°C for “MJA” device. 


HIGH SPEED SINGLE CMOS 
POWER MOSFET DRIVER 


TSC429 Maximum ae dite 


Vs f Max | 
— 18V 500 kHz | 
15V 700 kHz 
10V 1.3-MHz 
5V . > 2 MHz 
Table 1 —_ | 
Conditions: 1. CerDIP bees [6 JA= 150° ow) 
2. TA = 25°C 
3. CL = 2500 pF 


Package Power 
Dissipation 


1 TSC429 
KOVAR L EAD FRAME 


CERDIP PACKAGE 
0 yy = 150 °C/W 


MAXIMUM PACKAGE POWER DISSIPATION (mW) 


“AMBIENT TEMPERATURE ('C) 
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Peak Output Current 
Capability 


TEK CURRENT 


PROBE 6302 


TSC429 
Vs = 18V 
Ry = 0.182 


ee 


TIME (5ps/DIV) 


Figure 3: Peak Output Current Test Circuit 


Chip Pad Layout 


INPUT(2) 
4 TSC429 


‘ 
‘ A 
| 
OUTPUT(6) OUTPUT(7) 


104 MILS ———————_»> 


Package Information 


8-Pin Plastic DIP ae 8-Pin CerDIP 
(Package #4) (Package #5) 


.025 R 

NOMINAL 
.325 
MAX. 
OVERALL 


5 6 7 
-280 (7.11) 


.400 (10.16) 
T*— |370 (9.40) ~ -220 (5.59) 
____ MAX. 


SEATING 
PLANE 


-100 (2.54) -310 (7.87) 
MIN. -290 (7.37) 


.070 (1.78) | -110 (2.79) 
. 76) > é ; .015 (0.38) 
030 (0.76) Sat | oes 090 (2.29) —_ "008 (0.20) 


.020 (0.51) .027 
.016 (0.41) *— STANDOFF 
WIDTH 
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“oe TELEDYNE | 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC430° 
SUPER-FAST CMOS CCD DRIVER 
FEATURES 


@ Operating Range, 4.5 <(Vop - Vss)< 16 V 
m@ TTL/CMOS Compatible Inputs 


M@ Low Delay Time 15 nS Typ. : 
@ Rise and Fall Time, 2200 pF Load 25 nS Typ. 
@ Peak Output Current = 3.0 Amperes 
@ Output can be Floated Below Digital Return 
@ Level Shifting for Split-supply Operation 
M@ Guaranteed Skew 
m@ Complementary Outputs 
M@ 10 MHz Operation With Adequate Heat Sink 
M@ Drives 1000pF at 4MHz, in CerDIP with no 
External Heatsink (10V V,, - V,,) 
@ Low Output Impedance 4 Ohm Max. 
M@ Low Quiescent Power 5 mA Max. 
FUNCTIONAL DIAGRAM 
[] 
Vop 
LEVEL OUTPUT 
- - aa 
HYSTERSIS TO DIGITAL 
RETURN a 
TSC430 
Vop 
OUTPUT 
: LEVEL = 
RETURN 
TO DIGITAL 
RETURN 


OUTPUT RETURN 
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GENERAL DESCRIPTION 


The TSC430 is a super-fast CMOS power driver for 


driving CCDs and other loads. The TSC430 operates to 
frequencies to 10MHz and drives loads greater than 


2200pF. Peak current outputis 3.0 Amperes. See page 


8 for power calculations and ratings. 

The input is TTL/CMOS compatible. Digital Return 
and Output Returncan be at different voltages, allowing 
operation with output swings between positive and 
negative supplies without sacrificing AC performance 
when driven from TTL logic. The ability to swing 
negative is important when driving CCD devices. | 

The output stages have been designed so that the 
rising edge of one output crosses the 50% point of the 
transition within 5nS- of the other. This makes the 
TSC430 ideal for driving CCDs and acheiving high 
contrast images. 


CMOS construction acheives low quiescent power 


(less than 5mA at 15V and 25°C) and low input current 
requirements. This device requires fewer external 
components than bipolar devices like the DS0026 
which need external speed-up capacitors. 


Applications 

@ CCD Driver 

@ MOSFET Driver 

@ Laser Diode Driver 

@ Differential Line Driver 
M@ PIN Diode Driver 


NEW PRODUCT INFORMATION 


ORDERING INFORMATION 

Part No. ___ Package . Temp. Range 
TSC430CPA 8-pin plastic __—-0°C to 70°C 
TSC4301JA 8-pin CerDIP ._: -25°C to 85°C 
TSC430MJA 8-pinCerDIP__-55°C to 125°C 
TSC430MJA/883__8-pinCerDIP___-55°C to 125°C 


TSC430Y CHIP - 25°C 


Pin Configuration 


TSC430 | 
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TSC430 


10% 


Vin = OV —» SV, Veg = OV, Vop = 15V, C, = 2200pF Viy= OV—» 5V, Veg = OV, Veo = 15V, C= 2200pF 


Figure 1: Driver Switching Time Figure 2: Output Drive Skew | 


Test Circuit 


+Vop 
10yf 

cov oF 
X7R SXC 

Aut (G) Vien 

50V 1 yf SS ae ed a st ee ee ee ee ee 

X7R 50V [7 “| tae 

MKS-2 | @) MKS-2 


| O O Croan Vor 
BNC (2) | 
S INPUT | MevEL 
| SHIFT 
| 
50 | 
@ O Croan Voz 


ss 
DIGITAL Ve tech Sates h ae te peg, pe een. rent et ass 


RETURN Wes 
“a G) 
TSC430 
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Absolute Maximum Ratings 


Power dissipation @ 25°C 
PIQSUG: B.6su-a coarse agwaaweeaee es 500 mW 
| CGIDIP: = ok ehcp ee hace et tid earles 800 mW 
Derating factors | 
PIASUC® sc(scis Werte cee 5.6 mW/°C above 25°C | 
CONDI PR nite tsk.b eure eens A 6.6 mW/°C 
Supply voltage ..........0008- Vpp - Vss S 18V 
Vop-Voe S 18V 
Input voltage any terminal .......... Vs +0.3 V to 
Ground - 0.3V 


NEW PRODUCT INFORMATION 


Operating temperature 


M VOIrsiONn 6564 stances es -55°C to 125°C 
| VOISION: 4 ASscea teed eeewwe -25°C to 85°C 
C NGISION seks wai eerie es atees eas 0°C to 70°C 
Maximum chip temperature ............ 150°C 
Storage temperature ............ -55°C to 150°C 
Lead temperature (10 sec) .............. 300°C 
CerDIP Raja (°C/W) 2... eee eee eee eee eee 150 
Plastic-RapaCCMw)) ad aweyeee onset we oave 178 
ESD Protection: «iia sins sata ad woe eee 3 2000V 


Electrical Characteristics T, = 25°C with 4.5 < (Vpp - Voge) < 16V, 4.5 < (Vpp - Vss) < 16V 


SYMBOL PARAMETER TEST CONDITIONS 
Vin Logic 1 
Input Voltage 
Vin Logic 0 
Input Voltage 
lin Input Current 0< Vin S Vs 
Vou High Output 
Voltage 
Vo Low Output 
Voltage 
Ro Output Vin = OV 
| Resistance lour = 10mA 
. Vop = 16V 
‘Ro | Output — Vin = 3.0V 
Resistance | lour = 10mA 
Vp = 16V 
lpx Peak Output Vpp = 16V 
Current 
Tskew1 Output Pulse Fig. 2 
Skew 
Tskew2 Output Pulse Fig. 2 
Skew 
Tr Rise Time Fig. 1 
Ci = 2200pF 
Tr Fall Time Fig 2 
Ci. = 2200pF 
Tp1 Delay Time Fig. 1 
Tbe Delay Time Fig. 1 
Is Power Supply Vin = 3.0V 
_ Current | Vop = 12V Va 
Is Power Supply Vin = 0.0V 
Current Vop = 12V Vsg5 


MIN TYP MAX UNIT 
2.4 1.6 


—_ 


-10 
s ~ 0.025 


— 
> 


0.025 V 


G 
oO 
oe) 
> 
3 |. 
7) 


i=) 


oO 
on 
a 
WM 


ro) on) ro) Go | 
ron) 
° 
> 
3 
nw 


no 
GB 
° ww] | or on 
° oO Oo Oo ; o 
5 
7 > 


GO 


25 ns 
25 nS 
: 
a od 


SUPER-FAST CMOS CCD DRIVER 


TSC430 


Electrical Characteristics 4.5V <(Vpp-Vss) < 16V, 4.5V < (Vpp-Vpa) <= 16V, temperature = -55 to 125°C 


SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Vin Logic 1 2.4 V 
Input Voltage 
Vir Logic 0 V 
Input Voltage 
lin Input Current 0< Vin S Vs | -to | | 10 LA 
Von High Output s ~ 0.025 V 
Voltage 
Vor Low Output 0.025 V 
Voltage 
Ro Output Vin = OV ohms 
Resistance lour = 10mMA 45 7 
Vss =OV Vpn =16V 
Ro Output Vin = 3V. ohms 
Resistance lour = 10mMA 45 7 
Vss = 0V Vop =16V 
Ta Rise Time Fig. 1 40 ns 
Ci. = 2200pF 
Tr Fall Time Fig. 1 ns 
C. = 2200pF 
Tsxew: Pulse Skew Fig. 2 [— s | 1 | .s 
Is Power Supply Vin = 3.0V 5 mA 
Current Vop = 12V Veg = OV 
Is - Power Supply Vin = OV 5 mA 
Current Vop=12V Vag = OV 
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APPLICATIONS INFORMATION 


Functional Description 

The TSC430 is fabricated in a super-fast silicon gate 
process. The input stage consists of a schmidt trigger 
which drives a level shift circuit. The level shift circuit 
allows the input signal to be referenced to some point 
other than the output return pin 3 (Vos): This allows the 
output to swing positive and negative relative to the 
digital return, pin 1. 

The output stage is a low impedance MOSFET totem 
pole type that can output currents up to 3 amps peak. 
This type of output can swing to within millivolts of either 
rail when driving capacitive loads. Output rise times are 
in the order of 3 nS while propagation delays are in the 
15 nS region. 


Application Tips 

Due to its high speed and short transition times, 
proper layout of the P.C. board is critical. See Application 
Note 28 for further information on the effects of layout. 

Additional precautions that must be made in addition 
to those in Application Note 28 are: 

1. Decoupling between the Digital return and Von is 
Critical. 

2. Aminimum 4.5 volts must be maintained between 
Digital return and Vpp. 

3. Decoupling between Vpp and Vss is critical. 

4. Single point (star) ground systems should be 
used. 

_ For decoupling between Digital return and Vpp, a 

1p 50V polyester film cap such as a Wima MKS-2 in 
parallel with a multilayer ceramic .1uF 50 X7R such as 
an AVX DIP GUARD will work well. These capacitors 
have to be mounted as close as possible to the 
respective pins on the TSC430 to minimize circuit 
inductance. 


Circuits that are improperly decoupled will exhibit 


oscillations on the output. 

Item 2 above minimum 4.5 volts between Digital 
return and Vpp is necessary to insure that the level 
shifting and hysterisis circuits have enough voltage to 
function properly. Putting this another way; the input 
circuit is referenced to the positive supply, not the 
negative supply. 

Decoupling of the Vss to Vop, (item 3 above), is 
important because of the high peak current capability of 


NEW PRODUCT INFORMATION 


the output of the TSC430. The suggested decoupling is a 
low ESR electrolytic such as a United Chemicon 10uF 
50V SXC in parallel with a polyester film capacitor such 
as the 1uF 50V MKS-2 and aceramic capacitor such as 
the AVX .1uF 50V dip guard. 

The parallel combination of the three capacitors 
forms a low impedance source of power across a broad 
frequency range for the output stage. This will assure 
that for any load and frequency of operation that the 
output will be as “clean” as is practical. | 

Item 4, the use of single point grounds, is - very 
critical. Due to the high peak currents that the TSC430 is 


_ capable of generating, any additional trace or wire length 


can cause L di/dt drops that can effect the output and in 
the extreme cause the device to fail due to voltage 
breakdown. 

Application Note 28 explains parasitic inductance 
problems further. 


Operation from a Single Saas 

If the TSC430 is operated from a single supply 
voltage, then the Digital return pin must be tied to the Vss 
pin. This will eliminate the need for the eecoupmg 


Capacitors from Vop to the vlgite return. 


Load Return Path 

Itis very importantto return the load currents directly 
to, and in the shortest possible distance to the Vss pin. 
Again this is due to the parasitic inductance of the PCB 
trace or wire. The test circuit shows how the load 
capacitors, Croan are returned to the same point as the 
decoupling capacitors which is directly on pin 3. 


Input Signal Considerations | 
The amplitude of the input signal has a significant 


_ effect on the propagation delay through the IC. 


While the device can be driven with a signal as 
small as 2.0 volts, propagation delays willbe in the 
40 nS region. If the input is increased to 5 volts, then 
delays will be in the 15 nS region. 

The input stage of the TSC430 is a MOSFET gate. 
Thus, it is high impedance and requires little drive 
current. This eliminates the need for speed-up capacitors 
as was needed with older bipolar parts. The use of speed 
up capacitors is not recommended as they can cause 
voltage doubling effects that can be detrimental to the life 
of the device. 
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Delay Time vs V,, 


DELAY(nS) 


op) 
— 
iw 
= 
- 


LOAD 


-40 -20 0 20 40 60 


“DIGITAL RETURN TIED TO Vss 


TEMP (°C) 


80 


100 


= 2200pF, V,, = 15V* 


120 140 


TSC430 


Delay Time vs Temperature 


CONDITIONS: 
Vop = 15V 


-60 -40 -20 0 £20. 40 60 80 100 120 140 


TEMP (°C) _ 
‘DIGITAL RETURN TIED TO V,. 


CONDITIONS: 
Voo -Vss = 10V, NO OUTPUT LOAD 


46 59 73 £86 
FREQ (MHz) 
1. EQUIVALENT UNLOADED CAPACITANCE = 440pF/DRIVER (C,,.) 


2. Poiss = (2Ceaq + C.) x i x FREQUENCY 
FOR FREQUENCY > 100KHz 
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Power Dissipation 
Quiescent Dissipation 

The quiescent dissipation of the TSC430 i is very low, 
evenwith the inputin the high state. (See "Input" section 
on the effects of input state on power dissipation). As an 
example, at maximum temperature for the plastic pack- 
age, (70°C), the static current draw is guaranteed to be 
8mA or less. If the supply voltage is 15 volts, then the 
device dissipation is 120mW. The package is rated at 
390mW/°C, so the device is well within its ratings at worst 
case. 

The typical value is normally j in the region of 5mA, so 
the example cited above is indeed worst case. 


Cross Over Dissipation 

During the transition between the output states, the P 
channel and N channel transistors can be on simultane- 
ously. Although this happens for only a few nano- 
seconds, this additional power that is dissipated can be 
significant at frequencies above 100KHz. The device 
exibits a capacitive preload of about 440pF/output. 


Capacitive Load Dissipation 
Capacitive load dissipation is the result of charging 
and discharging the load. The larger the capacitive load, 


the longer the driverisinthe linearregion. Aslongasthe . 


device is inthis area of operation, it is dissipating signifi- 
cant amounts of power. 


Calculating Power Dissipation 

The capacitive load caused dissipation is a direct 
function of frequency, capacitive load, and supply volt- 
age. The package power dissipation is: 


EQ. 1:P,=fC V,? (x 2 if both outputs are loaded). 


F = switching frequency | 
C = capacitive load 
Vg = supply voltage 


Quiescent power dissipation depends on input signal 
duty cycle. A logic low input results in a low power 
dissipation mode with only 0.5mA total current drain. 
Logic high signals raise the current to 5mA nominal. The 
quiescent power dissipation is: : 


EQ. 2: Py = Vg (D (I,,) + (1-D) |, )- 
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where: |,, = quiescent current with input. high 
(5mA Max) 

| = quiescent current with input low - 
(0.3mA Max) 


D = duty eyes 


Transition power dissipation arises because the out- 
put stage N and P channel MOS transistors are "on" 
simultaneously for a very short period when the output 
changes. The transition package power dlespatlen is 
approximately: 


EQ. 3: P, =f V,2 (8.80 x 10%) 
8.8 x 10" = 2 x 440pF 


Anevariels shows the relative magnitude for each 
term. 


Example 1: 
C =1 000pFidriver 
V, = 15V 
D =50% 
f =1MHz 


P,, = package power dissipation = P, + P, +P, 
= 450mW + 200mW + 40mW 
T,=T, + (8), x P,) = 690mW 
= 23°C + 104°C 
= 127°C 


where: T, = junction temperature, (150°C Max) 
_ T,= Ambient Temperature | 
8 ,= Junction to ambient thermal resistance 
(150°C/W, CerDIP) 


JA 


Ambient operating temperature should not 
exceed 85°C for "IJA" device or 125°C 
for "MJA" device. 


NOTE: 
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Table 1: TSC430 Maximum Operating 
Frequency 


V Max Frequency 


S 
18V 2.8MHz 
15V 4.0MHz 
10V 9.1MHz 
5V 20.0MHz 


Conditions: 1. CerDIP Package (6,, = 150°C/W) 


2.1, = 25°C 
3. No load 


TSC430 Applications 


TTL CLOCK IN 


TTL START IN 


VIDEO CLOCK DRIVER FOR CCD CAMERA 
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POWER (mW) 


TSC430 


Package Power 
Dissipation 


AMBIENT TEMPERATURE (°C) 


aa 
TSC430 


O TIMING SIGNAL OUT 
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TSC430 


— 
ERAT caf 


via [ 
fh} i fh} Ih i Ini i | 
nth MAMTA 
TT ECT 
FATT TTT 91 mils 
iu 
4 MeO es My a iy 4 eee : 
iH i 
| 


_____ DIGITAL 
GROUND 
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INVERTING © 
TTL 
INPUT 


NON- 0) 
INVERTING 
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FEATURES 

= Dual Device for High Packing Density 

m User Selectable Inverting or Non-Inverting Operation 
mg Single Supply Operation 

m= TTL Compatible Inputs 

@ High Output Sink Current .............. 12 mA 
@ High Output Source Current ............ 6 mA 
m Fast Switching ........................ 125 ns 


3,5,8,11,13 


~. DUAL DRIVER 


TSCA50 


GENERAL DESCRIPTION _ Ordering Information 
The TSC450 is a low cost bipolar dual driver. § 3———— 


: 2 ; : . E _ Supply Temp. 
with TTL compatible inputs and high voltage outputs. PartNo. _ Voltage Range Package 
Each device may be configured in an inverting or non- ise eet Se ee 
TSC450AIVE.  .15V. ss -25°C to +85°C 16 Pin CerDIP 


inverting configuration. The active pullup, high voltage , alee ee — 
outputs will drive power MOSFET gates. See the TSC4S0ACPE 5 V O°C to +70°C 16 Pin Epoxy 
TSC426/427/428 for higher speed power MOSFET TSC450BNE 12V. = -25°C to +85°C. 16 Pin CerDIP 
drivers. | | 


| TSC450BCPE 12V  —— O°C to +70°C_~—S«‘16 Pin Epoxy 
The TSC450 also serves as a logic level trans- ee ee ee ee 
. . : ~-55° + &Cx. i 
lator and discrete analog switch driver. eee ne ee 
| TSC450BMJE 12V— -55°C to +125°C 16 Pin CerDIP 


Pin Configuration 


i" 
INVERTING 
INPUT 1 C24 TSC450 


INVERTING 
12 INPUT 2 


NON-INVERTING 
INPUT 1 cy 


NON-INVERTING 
INPUT 2 


NC = No Connection 
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Absolute Maximum Ratings 


J Package, P Package, J Package, P Package, 
CerDIP Plastic CerDIP Plastic 
Storage Temperature -65°C -§5°C Pulsed Supply Voltage 
to +150°C to +100°C (less than 100 msec) +18.0 V +18.0 V 
Lead Temperature input Voltage (any input) 
(1/16 inch from case, Type B Device -0.5to+15V -0.5to+15V 
10 sec max) 300°C 300°C Type A Device -0.5tot+18V -0.5to+18V 
Continuous Supply Surge Sink Current 
Voltage (less than 100 msec at 20 mA 20 mA 
Type B Device +15.0V +15.0 V Ta = 25°C) 
Type A Device +16.5 V +16.5 V 


Note: Exceeding the absolute maximum ratings may cause permanent conditions guaranteed is not implied. 


damage. Operation at the absolute maximum ratings or beyond the 


Electrical Characteristics: Specifications apply over full operating temperature range. Vec = +15 V for type A 
devices and Vcc = 12 V for type B devices unless otherwise indicated. 


TEST TSC450 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
1 ViINH Input High Voltage lin S 40 WA 2.0 —_— — V 
! 
N 2 VINL Input Low Voltage _ — 0.8 V 
Pp 
3 Lani Input High Current = se 10 uA 
4 Line Input Low Current Vin = 0.4 V — — 1.6 mA 
5 VoHL Loaded Output Vec = 12 V, lon = 5 MA 6.0 — — V 
High Voltage (Type B Device) 
O 6 Vou Output High Veo = 11V 9.0 — — V 
U Voltage (Type B Device) 
T 7 VoHL Loaded Output Veco = 15 V, lon =5 MA 9.0 — — V 
P High Voltage (Type A Device) 
_ 8 Vor Output High Veo = 14 V io SS 
Voltage (Type A Device) 
9 Voi Output Low Voltage lo. <10mA bs = 0.4 V 
Ss 10 tpoi Inverting Input to Output — — 235 ns 
Y | Propagation Delay 
S 
T 
E 11 teoni Non-inverting Input to = = 125 ns 
M Output Propagation Delay 
: 12 ies Type A Device = = 13. =mA 
p Supply Current Veco = 16 V 
‘i 13 lec Type B Device — _ 10 mA 
Y Supply Current Veo = 13 V 
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Switching Time Definitions 


, — 
INVERTING 50% — 7 oe 
INPUT | 
— tppi——>| 


OUTPUT np | 
| —\ — 50% 
| 


INVERTING 
INPUT 


|< tpp; re 


— # —— 50% 
OUTPUT | 


Operating Characteristics 


Output High Voltage 
TSC450 


VOH (V) 


IOH (mA) 
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VoL (V) 


‘DUAL DRIVER 


BOK me _ 
NON-INVERTING 50% # 
INPUT | 
| 
| 


~¢—— tppn! ——»| 
— ~— 50% . 
OUTPUT | ; 


NON-INVERTING 
INPUT 


50% — 4 — 
| . r 


+ ‘Pon! ——>| 


OUTPUT 


Output Low Voltage 
TSC450 


Vcc = 12 VOR 15 V 
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TSC450 


Application Information 
TSC450 Drives Power MOSFET 


© OUTPUT 


VN88AF 


“—“~ 


INPUT Q TSC450 


3,5,8,11,13 


NOTE: Pin 4 is inverting Input 
Pin 6 is Non-Inverting Input 


TSC450 Driving VMOS FET TSC450 Driving VMOS FET in 
in Inverting Mode (Pin 4) Non-Inverting Mode (Pin 2) 
ae a 750450 | | ne 


Epoxy DIP ama | CerDIP 
(Package #8) Tv yy (Package #9) 


ALL DIMENSIONS IN INCHES (MILLIMETERS) 
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Notes 


ENGINEER: __ 


DEPT: 
PROJECT: _ DATE: 
DESCRIPTION 
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HIGH CURRENT, DC-DC CONVERTER 


FEATURES 


Mm Pin Compatible with TSC7662/ICL7662/SI7661 
M@ High Output Current 80 mA 

@ No External Diodes Required 

M@ Wide Operating Range 3.0 to 18 Volts 

M@ Low Output Impedance 280 Typical 

M@ No Low Voltage Terminal Required 

@ Application Zener On Chip _ 

@ Doubling Pin Option for Smaller Output 


Capacitors 
FUNCTIONAL DIAGRAM 
PIN 6 PIN 8 
FREQ x2 0—&) Q'} 0 ve 
PIN7 


OSC/C-TIMING © 
LEVEL 
Re i SHIFT ee 

VY) Q PIN 2 

CAP+ 
a - 
i LEVEL 

e N SW4 

COMPARATOR SHIFT tho, 


WITH HYSTERISIS EXTERNAL 


+ 


PIN 3 
PIN 1 9 GND 


vy, 
Vrer 
6.4 VOLTS 
+ LEVEL < 
Suicr N swe2 = OUT 
EXTERNAL 


PIN4 CAPACITOR 
LEVEL 
SHIFT noes 


O CAP- Re 


PIN 5 
@ 
V" OUT 
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TSC962 


General Description -. Ordering Information 
The TSC962 is an advanced version of the industry | 
standard 7662 high voltage DC to DC converter. Using Part No. Package Temp Range 
improved design techniques and CMOS construction , ; P 
the TSC962 can source as much as 80mA vs the 7662 TSC962CPA __ 8 Pin Plastic DIP 0 to 70°C 
20m Capabilty: TSC962IVA «88 Pin CerDIP -40 to 85°C 
As an inverter the TSC962 can put out voltagesas  TSC962MJA 8 Pin CerDIP “55 t0125°C 
high as 18 volts and as low as 3.0 volts with out the need : 
for external diodes. The output impedance of the device TSC962COE 16 Pin SO 0 to 70°C 
is a low 28Q (with the proper capacitors), voltage . | ; 
conversion efficiency is 99.9% and ued conversion Tscs62/Y Chip 25°C Only 


efficiency is 97%. | TSC962MJA/883 8PinCerDIP — -55to 125°C 


Pin Configurations 


The low voltage terminal, pin 6, required in some 
7662 applications has been eliminated. Grounding this 
terminal will double the oscillator frequency from 12 to 24 
KHz. This will allow the use of smaller capacitors for the 
same output current and ripple in most applications. 
Only two external capacitors are required for inverter 
applications. In the event an external clock is needed to 
drive the TSC962 (such as paralleling) driving this pin 
directly will cause the internal oscillator to aye to the 
external clock. 


Pin 1, which is used as a test pin on the 7662 is a 
voltage reference zener on the TSC962. This zener (6.4 
volts at 5mA) has a dynamic impedance of 12Q and is 
intended for use where the TSC962 is supplying current ZENER 
to external regulator circuitry and a reference is needed CATHODE L1J 
for the regulator circuit. (See applications section). 


The TSC962 is compatible with the LTC1044, 
S!I7661 and ICL7662. It should be used in designs that 
require greater power and /or less input to output voltage 
drop. It offers superior performance over the ICL7660S. 
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TSC962 


Absolute Maximum Ratings TSCOG2MJA ..... cece eee eee eee -55°C to 125°C 
TSC962ZCOR nsdn dea %eesesnsteads 0°C to 70°C 
Supply voltage Vs toVs ......... ccc cee eee ee 18V Nas diesigat 
i : pation Asn 
he a Sti tet tere anact (Vs + 0.3) to (Vs - 0.3) CPA 375 mW 140°C/W 
Storage temperature ............. -55°C to 150°C nih = a ily 
Lead temperature (soldering 10 sec) 300°C 4 
C + int ee hay 10mA COA 375 mW 140°C/W 
Pee Ui net Sasa tate eekON Gane ZesP ope gad : ESD Protection ..........000.cceesee seen +2000V 
Operating temperature range Output short circuit .... continuous (at 5.5 Volts input) 
TSC9G2ZCPRY ct untegddaiie sean 0° to 70°C 
TSC9G2ISA. wecss ceiee eeedaetden -40°C to + 85 °C 


Electrical Characteristics Vs = 15V T, = 25°C (See Test Circuit) 


SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 
Vs Supply Voltage 3.0 | 18 Volts 
Is Supply Current Ri=< 
Vs = 15V Ta = 25C° 510 700 HA 
0<TaS70C° 560 LA 
-§5<TaS125C° 650 LA 
Vs =5V Ta = 25C° 190 UA 
0<Ta=70C° 210 LA 
-55<=TaS125C° [ 210 UA 
Ro Output Source IL = 20mA, Vs = 15V 28 32 Q 
Resistance 
IL = 80mA, Vs = 15V 30 35 Q 
IL = 3mA, Vs = 5V 46 Qo 
Cosc Oscillator Pin 6 Open 12 KHz 
Frequency Pin 6 Gnd 24 KHz 
Perr Power Vs = 15V 93 97 % 
Efficiency Ri = 2KQ | 
Vober Voltage Vs = 15V 99 99.9 % 
Efficiency Ri = °° 
Over Temp 96 % 
Range 
Vz Zener Voltage Iz = 5mA 6.2 6.4 6.6 Volts 
Zzt Zener Iz = 2.5mA to 7.5mA 12 Q) 
Impedance 
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TSC962 
REpRICATIONS INFORMATION 


Theory of Operation 


The TSC962 is a capacitive pump (sometimes 
called switched capacitor circuit) where four MOSFET 
switches control the charge and discharge of a capacitor. 


The Functional diagram shows how the switching 
action works. SW1 and SW2 are turned on simultain- 
iously charging C1 to the supply voltage Vin. This 
assumes that the on resistance of the MOSFETs in 
series with the capacitor results in a charging time (3 
time constants) that is less than the on time provided by 
the oscillator frequency as shown in EQ 1. 


(EQ 1) 3(Rosion) C1) <C1/(.5 fosc)] 


In the next cycle SW1 and SW2 are turned off and 
after a very short interval of all switches being off, (this 
prevents large currents from occuring due to cross 
conduction) SW3 and SW4 are turned on. The charge in 
C1 is then transfered to Cour , BUT WITH THE 
POLARITY INVERTED. In this way a negative voltage is 
now derived. 


Page 1 shows a block diagram of the TSC962. An 
oscillator supplies pulses to a flip-flop that is then fed toa 
set of level shifters. These level shifters then drive each 
set of switches at one half the oscillator frequency. 


The oscillator has two pins that control the frequency 
of oscillation. Pin 7 can have a capacitor added that is 
run to ground. This will lower the frequency of the 
oscillator by adding capacitance to the timing capacitor 
internal to the TSC962. Grounding Pin 6 will turn on a 
current source and double the frequency. 

This will double the charge current going to the internal 
capacitor as well as any capacitor added to pin 7. 


A zener diode has been added to the TSC962 for 
use as a reference in building external regulators. This 
zener runs from pin 1 to ground. 


Capacitors 


In early charge pump converters the capacitors 
were not considered critical due to the high Rostom of the 
MOSFET switches. In order to understand this lets look 
at a model of a typical electrolytic capacitor. (See Figure 
2) 


~ NEW PRODUCT INFORMATION — 


Figure 2. 


Note that one of its characteristics is ESR or equivalent 
series resistance. This parasitic resistance winds up in 
series with the load. Thus both voltage conversion efficiency 
and power conversion efficiency are compromized if a low 
ESR capacitor is not used. — 


In the test circuit for example, just by a change of the 
two capacitors, C1 and C2 from a capacitor with unspecified 
ESR to a low ESR type the output impeadance changed 
from 36 to 28 ohms, a improvement of 23%! 


This applies to all types of capacitors including film 
types (polyester, polycarbonate etc.). 


Some applications information suggest that the 
capacitor is not critical and contribute the limiting factor of 
the capacitor to its reactive value. Lets examine this. 


1 
2nFC 


For the TSC962 F = 12000 Hz, and atypical value of C 
would be 10uF. This is a reactive impedance of ~ 1.330. If 
the ESR is as great as 5Q then the reactive value is not as 
critical as it would first appear as the ESR would pre- 
dominate. The 5Q value is typical of a general purpose 
electrolytic. 


Other converters such as the TSC965 are better suited 
for series voltage multiplication applications. 
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HIGH CURRENT, DC-DC CONVERTER 


Latch Up 


All CMOS structures contain a parasitic SCR. Care 
must be taken to prevent any input pin from going above 
or below the supply rail or latch up will occur. The result 
of latch up is an effective short between Vs and Vs. 
Unless the power supply input has a current limit this 
latch up phenomena will result in damage to the device. 
(See Application Note 31 for additional information) 


Supply Current vs. Temperature 


SUPPLY CURRENT (HA) 


TEMPERATURE (°C} 


Test Circuit 
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+ 3 T 


‘~~ 


SC962 


TSC962 


_... NEW PRODUCT INFORMATION 


-TSC962 


Typical Applications 


vt 


Vout = 2V*-2Vp . 
Cp = 
10 uF 

= Vr 

2 

Ce 
Combined Negative Converter and Positive Multiplier Split V+ in Half v 
val 


vr 


Ww 


TSC962 


“ge 


TSC962 


Lowering Output Resistance by Paralleling Devices Positive Voltage Multiplier 


Oscillator Frequency vs C_x; 


FREQUENCY 


CAPACITANCE (pF). 
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DC CONVERTER 
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Frequency vs Temperature 
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TSC962 
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TSC962 


HIGH CURRENT, DC-DC CONVERTER 
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Bonding Diagram 


Notes 


ENGINEER: 


PROJECT: 


DESCRIPTION 
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TSC1426 
SEMICONDUCTOR TSC1427 


TSC1428 
LOW COST DUAL HIGH-SPEED MOSFET DRIVER 


FEATURES 
m Low Cost 
- ft Latch-Up Protected. Will Withstand 500mA 
Reverse Output Current 
MESD Provected ics cnwcsaceeese cand +/-2KV 
@ High Peak Output Current........ 1.2A Peak 
M@ High Capacitive Load Drive : 
Capabity icra 6.0% tcaicangaees 1000pF in 38 nS 
m@ Wide Operating Range......... 4.75V to 18V 
m Low Delay Time..............-- 80 nS Max. 
M Logic Input Threshold Independent of 
Supply Voltage 
M@ Output Voltage Swing to Within 25mV of 
Ground or V.+ | 
m@ Low Output Impedance................ 8Q 


FUNCTIONAL DIAGRAM 


“gm 1SC1426/1427/1428 


NON-INVERTING INVERTING 
OUTPUT OUTPUT 


(TSC1427) | (TSC1426) 


NOTE: TSC1428 HAS INVERTING & NON-INVERTING 
DRIVER. GROUND UNUSED DRIVER INPUT. 
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TSC1426 
TSC1427 
TSC1428 


NEW PRODUCT INFORMATION | 


GENERAL DESCRIPTION 


The TSC 1426-28 are a family of 1.2A dual high- 
speed drivers. The TSC1426-28 are ideal for high- 
volume OEM manufacturers, with latch-up protection, 
ESD protection, and a proprietary molding compound 
for high reliabilily. CMOS fabrication is used for low 
power consumption and high efficiency. 

These devices are fabricated using an epitaxial 
layer to effectively short out the intrinsic parasitic 
transistor responsible for CMOS latch-up. They 
incorporate a number of other design and process re- 
finements to increase the long-term reliability of these 
devices. | | 

The TSC1426 is compatible with the bipolar 
DS0026, but only draws 1/5 of the quiescent current. 
The 1SC1426-28 are also compatible with the 
TSC426-428, but with 1.2A peak output current rather 
than the 1.5A of the TSC426 series devices. 

The high input impedance TSC142X series drivers 
are CMOS/TTL input compatible, do not require the 
speed-up needed by the bipolar devices, and can be 
directly driven by most PWM ICs. ; 


This family of devices is available in inverting and 


non-inverting versions. Specifications have been 


Pin Configurations 


NC = NO CONNECTION 


TEST CIRCUIT 


© 1801426 
(1/2 TSC1428) 


Figure 1. Inverting Driver Switching Time 


optimized to achieve alow cost and high performance - 
device, well suited for the high volume manufacturer. 


APPLICATIONS 

M™ Power MOSFET Drivers 

HM Switched Mode Power Supplies 
M Pulse Transformer Drive 

mM Small Motor Controls 

mM Print Head Drive 


Ordering Information . 


| Temp. 
Part No. Package § Configuration Range 
TSC1426COA —8-pin SO Inverting 0°C to +70°C 
TSC1426CPA = 8-pinPlastic DIP Inverting 0°C to +70°C 
TSC1427COA_ = 8-pin SO Non-Inverting 0°C to +70°C 
TSC1427CPA 8-pin Plastic DIP Non-Inverting 0°C to +70°C 
TSC1428COA = 8&-pin SO Inverting & Non-Invert 0°C to +70°C 
TSC1428CPA —8-pin Plastic DIP Inverting & Non-Invert 0°C to +70°C 


NON-INVERTING 


TEST CIRCUIT 


PO 1801427 


(1/2 TSC1428) 


Figure 2. Non-Inverting Driver Switching Time 
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DUAL HIGH-SPEED MOSFET DRIVER TSC1 426 


TSC1427 
TSC1428 


Absolute Maximum Ratings (Notes 1, 2 and 3) 


Power Dissipation Operating Temperature 
PISUG 2.344. 5e4 so ween ea ee 500mW G VEISION x2 5.ea'ewndaees en 0°C to +70°C 
Derating Factors Maximum Chip Temperature........... +150°C 
PIASIIC’. io5a4 ie Ss 5.6mW/°C Above 36°C Storage Temperature...:...... -55°C to +150°C 
Supply Voltage ........ 0.0... cee ees 18V Lead Temperature (10 Sec)............. 300°C 


Input Voltage Any Terminal................. 
sah area i a a eae 6 V, + 0.3V to Ground -0.3V 


TSC1426/1427/1428 
Electrical Characteristics: T, = 25°C with 4.75V < V, < 18V unless othemise specified. 


TYPE SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
Vin Logic 1 3.0 . V 
Input Voltage ! 
M | 
p Vi Logic 0 - - 08 iV 
U InputVoltage 
T foe a es ee a a eS SN SS 
In Input Current -5V<V,<V, -1 g 1 uA 
Von High Output Voltage V,-0.025— - : V 
Vor Low Output Voltage - - 0.025 V 
O Ry Output Resistance Viy = 0.8V - 12 18 Q 
: loge = 10MA, V, = 16V 
Ro Output Resistance Viy = 3.0V - 8 12 OQ 
T our = 10MA, V, = 16V 
be Peak Output Current - 41.2 : A 
| Latch-Up Current Withstand Reverse Current >500 - - mA 
. T, Rise Time | Test Figure 1 & 2 : - 30 ns 
Tr Tf Fall Time Test Figure 1 & 2 - - 20 ns 
Ce 
; : 15; Delay Time Test Figure 1 & 2 - - 55 ns 
N 
G Tis Delay Time Test Figure 1 & 2 - - 80 ns 
Pod Power Supply Current Vy = 3.0V (Both Inputs) - - 80 mA 
fe) 
P 
bs Ps Power Supply Current Vy = 0.0V (Both Inputs) . - 0.4 mA 
R 
Y 
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TSC1426 | NEW PRODUCT INFORMATION - 


TSC1427 
TSC1428 


TSC1426/1427/1428 


Electrical Characteristics: Over operating temperature range with 4.75V < V, < 18V unless 
otherwise specified. 


TYPE SYMBOL PARAMETER _ CONDITIONS MIN TYP MAX UNIT 
Vig Logic 1 | 3.0 : ee Te 
1 Input Voltage : 
N | 
p Vie Logic 0 - - 08 VV 
U InputVoltage | : 
T | | 
je Input Current OV<V, <V, -10 - 10 WA 
Von High Output Voltage V,-0.025 z V 
5 Va Low Output Vottage - 9,025 
: | Ry Output Resistance Viy = 0.8V | ae 15 22 | Q 
p lout = 10mA, V, = 16V 
U 
T Ro Output Resistance Viy = 3-0V - 10 18 Q 
7 loyy = 10MA, V, = 16V 
| Latch-Up Current Withstand Reverse Current >500 - - mA 
: le Rise Time | Test Figure 1 & 2 - 60 ons 
: T 1, Fall Time Test Figure 1 & 2 - - 40 ns 
Cc a 
‘ E Th Delay Time Test Figure 1&2 : - 75 ons 
N 
G T53 Delay Time | Test Figure 1&2 . - 125 ons 
S ; 
- u I, Power Supply Current Vy = 3.0V (Both Inputs) - = 12.0 mA 
4 P ly Power Supply Current Viy = 0.0V (Both Inputs) - - 06 mA. 
nt | 
NOTES: 
1. Functional operation above the absolute maximum stress _ 2. Static sensitive device. Unused devices must be stored in 
ratings is not implied. | conductive material to protect devices from static discharge . 


and static fields. 
3. Switching times guaranteed by design. 
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DUAL HIGH-SPEED MOSFET DRIVER 


Supply Bypassing 

Large currents are required to charge and dis- 
charge large capacitive loads quickly. For example, 
changing a 1000 pF load 18 volts in 25 nS requires a 
0.8 A current from the device power supply. 

To guarantee low supply impedance over a wide 
frequency range, a parallel capacitor combination is 
recommended for supply bypassing. Low inductance 
ceramic disk capacitors with short lead lengths (< 0.5 
inch) should be used. A 4.7 uF solid tantalum capaci- 
tor in parallel with one or two 0.1 wF ceramic disk 
Capacitors normally provides adequate bypassing. 


Grounding 
The 1TS$C1426 and TSC1428 contain inverting 

drivers. Ground potential drops developed in com- 
mon ground impedances from input to output will 
appear as negative feedback and degrade switching 
speed characteristics. 

Individual ground returns for the input and output 
circuits or a ground plane should be used. 


Input Stage 

The input voltage level changes the no load or 
quiescent supply current. The N channel MOSFET 
input stage transistor drives a 2.5 mA current source 
load. With a logic "1" input, the maximum quiescent 
supply current is 8 mA. Logic "0" input level signals 
reduce quiescent current to 400 yA maximum. 
Unused driver inputs must be connected to V,, or 
V,,- Minimum power dissipation occurs for logic "0" 
inputs for the TSC1426/1427/1428. 

The drivers are designed with 100 mV of hyster- 
esis. This provides clean transitions and minimizes 
output stage current spiking when changing states. 
Input voltage thresholds are approximately 1.5V 
making Logic 1 input any voltage greater than 1.5V up 
to 18V,,. Input current is less than 1 A over this 
range. 

The TSC1426/1427/1428 may be directly driven 
by the TL494, $G1526/1527, SG1524, UC3826 and 
similar switch mode power supply integrated circuits. 


Power Dissipation 

The supply current vs frequency and supply cur- 
rent vs capacitive load characteristic curves will aid in 
determining power dissipation calculations. 


TSC1426 
TSC1427 
TSC1428 


The 178C1426/1427/1428 CMOS drivers have 
greatly reduced quiescent DC power consumption. 
Maximum quiescent current is 8 mA compared to the 
DS0026 40 mA specification. For a 15V supply, 
power dissipation is typically 40 mW. 

Two other power dissipation components are: 

¢ Output stage AC and DC load power. 
¢ Transition state power. 

Output stage power is: 


Po = Pac t Pac 
= Vo ) + f C, Mee 


Where: 


V, = DC output voltage 

loc = DC output load current 
f = Switching frequency 
V, = Supply voltage 


In power MOSFET drive applications, the P,, term 
isnegligible. MOSFET power transistors are high im- 
pedance, capacitive input devices. In applications 
where resistive loads or relays are driven, the P,, 
component will normally dominate. 

The magnitude of P,., is readily estimated for sev- 
eral cases: 


A. B. 
1. f = 200 kHz 1.f = 200 kHz 
2.C, = 1000 pF 2.C, = 1000 pF 
3. V, = 18V 3.V, = 15V 
4.P,. = 65 mw 4.P,.=45 mW 


During output level state changes, a current surge 
will flow through the series connected N and P chan- 
nel output MOSFETS as one device is turning "ON" 
while the other is turning "OFF". The current spike 
flows only during output transitions. The input levels 
should not be maintained between the logic "0" and 
logic "1" levels. Unused driver inputs must be 
connected to V,,, or V,,, and not be allowed to float. 
For less power consumption, the unused input 
should be tied to V,,. Average power dissipation will 
be reduced by minimizing input rise times. As shown 
inthe characteristic curves, average supply currentis 
frequency dependent. 
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TSC1426 Typical Characteristic Curves 


TSC1426 
TSC1427 
TSC1428 
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Delay Time vs 
Supply Voltage 
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DUAL HIGH-SPEED MOSFET DRIVER 


TSC1426 Typical Characteristic Curves (Cont.) 


Delay Time 
vs Temperature 


Rise and Fall Time 


vs Temperature 
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TSC1426 Typical Characteristic Curves (Cont.) 
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TSC1427 
TSC1428 
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TSC1427 Typical Characteristic Curves 


Rise and Fall Time 
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TSC1427 Typical Characteristic Curves (Cont.) — 
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DUAL HIGH-SPEED MOSFET DRIVER 


TSC1427 Typical Characteristic Curves (Cont.) 
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TSC 1426 NEW PRODUCT INFORMATION| 
TSC1427 

TSC1428 

TSC1426/1427/1428 Typical Characteristic Curves 


Quiescent Power Supply Package Power Quiescent Power Supply 
Current vs Supply Voltage Dissipation Current vs Supply Voltage 


BOTH INPUTS LOGIC "1" . y 


6 JA = 150°C/W 


SUPPLY VOLTAGE (V) 


MAXIMUM PACKAGE POWER DISSIPATION (mW) 
BRED ZEEE 


25 50 75 100 125 150 if 2 50 46100 86150 200 300 400 
SUPPLY CURRENT (mA) AMBIENT TEMPERATURE (°C) SUPPLY CURRENT (pA) 


Package Diagrams 


8-Pin Plastic Dip 
(Package #4) 


8-Pin Plastic “SO” 


5.2 (0.205) 
ai 181) 


5 6 7 
.280 (7.11) 
_ 400 (10.16) 
i 270 (9.40) 020 .220 (5.59) 
M 


SEATING 5.0 (0.197) 


PLANE 


‘tT 03710. 7? (4PLCS) 

4.8 (0.188) 0.77 (0.030) 

en | BSC A 0.64 (0.025) 

| __ 1.75 (0.069) 4 
1.35 (0.053) — 


0.56 (0.022) 1.27 (0.50) 

0.49 (0.019) Bsc gee 22 (0. 

0.45 (0.018) 0.20 (0.008) 9.19 (0. oom 
0.10 (0.004) 


0.35 (0.014) 


-310 (7.87) 
-290 (7.37) 


v- 6 
7? (4 PLCS) 


.070 (1. 78) | 110 (2.79) 
.030 (0.76) -090 (2.29) 


20: (0.81: 61) 
.016 (0.41) 


— 15° 
.015 (0.38) 
.008 (0.20) 
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TSC4429 
HIGH-SPEED, HIGH-CURRENT SINGLE 


MOSFET DRIVER 
FEATURES 
m@ Tough CMOS™ Construction 
m Latch-Up Protected. Will Withstand 500mA Reverse 
Output Current 
m Logic Input Will Withstand Negative Swing up to 6V 
m Double Bonded for Reduced Output Impedance 
mM Matched Rise and Fall Times................. 25nS 
M High Peak Output Current............... 6.0 A Peak 
m Wide Operating Range................. 4.5V to 18V 
m High Capacitive Load Drive ........ 10000pF in 60nS 
mM Low Delay Time...........c0ceseerecaes 55nS Typ. 
* Rise Time, C, = 2500pF............... 20nS 
* Fall Time, C, = 2500pF ............... 20nS 
m Consistant Delay Times with Changes in Voltage 
Drain Source 
m@ Logic High Input for any Voltage From 2.4V to V+ 
m Logic Input Threshold Independent of Supply Voltage 
m@ Low Supply Current 


* 450A with Logic 1 Input 

* 55u.A with Logic 0 Input 
Low Output Impedance ............022eeeeees 2.50 
Output Voltage Swing to Within 25mV of Ground or V,+ 
Inverting and Non-Inverting Configurations 


TYPICAL APPLICATION 


R12 C9 
1/2W 22Q  470pF 


RETURN 


FROM PWM Q 


FROM PWM Q 
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GENERAL DESCRIPTION | 
The TSC4420/4429 Tough CMOS™ MOSFET 
Drivers are tough, efficient, and easy to use. This 
family of devices are 6A (peak) single output 
MOSFET Drivers. 

The TSC4420/4429 will drive even the largest 
MOSFETs and improve the Safe Operating Area 
margin. 

These devices are tough due to extra steps taken 


to protect them from failures. An epitaxial layer is — 


used to prevent CMOS Latch-up. Propritary circuits 
allows the input to swing negative as much as 6V 
without damaging the part. Special circuits have 
been added to protect against damage from Electro 
Static Discharge. A special molding compound is 
used forincreased moisture resistance andincreased 
ability to withstand high voltages. They are also tough 
because of Teledyne Semiconductor's World- Class 
process controls and device quality. 

Because these devices are fabricated in CMOS, 
they run cool, use less power and are easier to drive. 
The rail-to-rail swing capability of CMOS better in- 
sures adequate gate voltage to the MOSFET during 
power up/down sequencing. 

The Tough CMOS™ Drivers are easy to use. 
Three or more discrete components can be replaced 
with a single device to save PCB area. Any logic input 
from 2.4V to V, can be used without external speed- 
up Capacitors or resistor networks. 

This family is available in inverting (TSC4429) 
and non-inverting (TSC4420) configurations. The 
TSC4429 is pin compatible with the popular TSC 429. 


- FUNCTIONAL DIAGRAM 


P CHANNEL 


MILLER “CC” 
Wie 
—L 


ie te 


*FOR NON-INVERTING 
OUTPUT ORDER TSC4420 


\7 PIN 45 
GND 


‘Part No. 


NEW PRODUCT INFORMATION 


APPLICATIONS 


mM Switch Mode Power Supplies 
@ Motor Controls 


fm Pulse Transformer Drive 


m Class D Switching Amplifiers 
Ordering Information 


Package Temp. Range 
TSC4420/29COA 8-Pin SO 0 to 70°C 
TSC4420/29CPA  8-Pin = 0to 70°C 
Plastic DIP 
TSC4420/291JA* 8-Pin | -25 to 85°C 
| CerDIP 
TSC4420/29MJA**  8-Pin ~ -55 to 125°C 
____CerDIP : 
TSC4420/29Y ~ CHIP 25°C 


* For devices with 125°C, 160 Hour Burn In add /BI 
to part number suffix. 
**883 processing available. 


Pin Configurations 


NC = NO INTERNAL CONNECTION NC = NO INTERNAL CONNECTION 


“PY TSC4429 


P CHANNEL 


OUTPUT 
*INVERTING 


Pam 


PIN 6,7 


N CHANNEL 
PIN 4,5 
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HIGH-SPEED, HIGH-CURRENT SINGLE MOSFET DRIVER 


TSC4420 
TSC4429 


Absolute Maximum Ratings (Notes 1, 2 and 3) 


Power Dissipation 


PIASUGs 66, end dctie deo eee ota 500mW M Version............. -55°C to 125°C 
O71 10] | Sane nana ear eer ee ae eee 800mW UVETSION o4,sep sea othent eid ot -25°C to 85°C 
Derating Factors C Version................ 0°C to 70°C 
PIASUG « jucasaacé 5.6mW/°C Above 36°C Maximum Chip Temperature............ 150°C 
(S7-) ¢B) | sean nanas eee eae eerere ae 6.0mW/°C Storage Temperature.......... -55°C to 150°C 
Supply Voltage .......... 0.0... ce eee 20V_—Lead Temperature (10 Sec)............. 300°C 
Input Voltage Any Terminal.................-. CerDIP 0,, (°C/W)... 6. eee eee eee. 150°C 
in aaamece aera Lae V, + 0.3V to Ground -0.3V —~Plastic 0,, (°C/W)... ....-- 66. e ee eee 170°C 


TSC4429 


Electrical Characteristics: T a = 25°C with 4.5V < V, < 18V unless othemise specified. 


TYPE SYMBOL PARAMETER 


Vig Logic 1 
I Input Voltage 
N . 
) Vi Logic 0 
U InputVoltage 
T 
ln Input Current 
Vou High Output Voltage 
Ver Low Output Voltage 
; Ro Output Resistance 
T 
: Ro Output Resistance 
T 
lox Peak Output Current 
| Latch-Up Protection 
T Rise Time 
I 7 
TT A Fall Time 
a 
TE te Delay Time 
N 
G Ths Delay Time 
. : ly Power Supply Current 
wP 
E I. Power Supply Current 
R 
Y 


Operating Temperature 


CONDITIONS MIN TYP MAX UNIT 
2.4 1.8 ; V 
- 13 98 V 
OV<V,<Vo -10 5; 10 WA 
V,-0.025 - : V 
R - 0.025 V 
Vy = 0.8V; for 4420 V,=2.4V— - 21 28 © 
lou = 10MA, V, = 18V 
Vy = 2.4V; for 4420 V,=0.8V - 150 25 Q 
lour = TOMA, V, = 18V 
V, = 18V (See Figure 5) - 6.0 A 
Withstand Reverse Current >500 = ~ mA 
Test Figure 1, C, = 2500pF - 20 30 nS 
Test Figure 1,C, = 2500pF - 20 30 nS 
Test Figure 1 - 55 60 ns 
Test Figure 1 - 55 60 ns 
Viy = 3.0V - 045 15 mA 
- 95 150 WA 
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TSC4420 
TSC4429 


TSC4429 


Electrical Characteristics: Over operating temperature range with 4.5V < V, < 1 


NEW PRODUCT INFORMATION 


otherwise specified. 


TYPE SYMBOL PARAMETER _ CONDITIONS 
| Vie Logic 1 

- Input Voltage 

N 

p Vie Logic 0 

U InputVoltage 

T 

Ls Input Current OV<V,<V, 
Vou High Output Voltage 

Vor Low Output Voltage 

. 

Pp Ro Output Resistance Vy = 0.8V; for 4420 V,, = 2.4V 

U | Loup = 10MA, V, = 18V 

r 

Ro Output Resistance Viy = 2-4V; for 4420 V,. = 0.8V 
lout = 10MA, V, = 18V 

i Te Rise Time Test Figure 1, C, = 2500pF 
| 

T “ I; Fall Time Test Figure 1, C, = 2500pF 
C : 
HE i Delay Time Test Figure 1 
: | 
G Ts Delay Time Test Figure 1 
. le Power Supply Current V,, = 3.0V 
wP 
E i is Power Supply Current V,, = 0.0V 
Ry 

NOTES: 


1. Functional operation above the absolute maximum stress 


ratings is not implied. 


\. | 


aan 
ee 


Figure 1. Switching Time Test Circuit 


MIN 
2.4 


-10 


Vt -0.025 


8V unless 


TYP MAX UNIT 


. ee V 
- 08 VV 
- 10 WA 
: Z V 
- 0.025 V 
3.0 5.0 QO, 
23 5.0 Q 
32 60 nS 
34 60 ns 
50 100 ns 
65 100 ns 
45 3.0 mA 
06 0.4 $%™mA 


2. Static sensitive device. Unused devices must be stored in 


and static fields. 


as 
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. Switching times guaranteed by design. 


~ conductive material to protect devices from static discharge 


TIME (nS) 


TIME (nS) 


HIGH-SPEED, HIGH-CURRENT SINGLE MOSFET DRIVER 


Typical Characteristic Curves 


Rise Time vs 
Supply Voltage 


a 
Se ai 
ea GG 
a a 


7 9 11 13 15 


Rise and Fall Time 
vs Temperature 


ee 


0 


TEMPERATURE (°C) 
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Fall Time vs 
Supply Voltage 


Rise Time vs 
Capacitive Load 
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Typical Characteristic Curves (Cont.) 


TIME (ns) 


TIME (nS) 


Fall Time vs 
Capacitive Load 


CAPACITIVE LOAD (pF) 


Delay Time 
vs Temperature 
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TIME (nS) 


SUPPLY CURRENT (mA) | 


Delay Time vs 
Supply Voltage 


Supply Current vs 
Capacitive Load 


SoeeeseenD 
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CAPACITIVE LOAD (pF) 
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Quiescent Power Supply 
Current vs Supply Voltage 


Supply Current 
vs ichuiaed 


HIGH-SPEED, HIGH-CURRENT SINGLE MOSFET DRIVER 


Typical Characteristic Curves (Cont.) 
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FREQUENCY X 10KHz 
Quiescent Power Supply 
Current vs Temperature 

TEMPERATURE (°C) 


NEW PRODUCT INFORMATION 


TSC4420 
TSC4429 


Typical Characteristic Curves (Cont.) 


Low State 
Ren Resistance 


Ie 
TSC4429 


1N4004 


PERMAMENT MAGNET (») 
DC MOTOR 


- Figure 2. Motor Speed Controller 
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POWER (mW) 


Package Power 
Dissipation 


~ KOVAR LEAD FRAME 


1000 


PLASTIC PACKAGE 
@,, =170°C/W 


25 50 75 * 100 125 150 
AMBIENT TEMPERATURE (°C) 


Notes: 

1. Derate Plastic 5.88mW/°C 

2. Derate CerDIP 6.67mMW/°C 

3. Unless otherwise specified, die attach- 
ment is glass/epoxy 


HIGH-SPEED, HIGH-CURRENT SINGLE MOSFET DRIVER 


TSC4420 
TSC4429 


Typical Application 


@, DRIVE SIGNAL 


CONDUCTION ANGLE 
CONTROL 0° TO 180° 


CONDUCTION ANGLE 
CONTROL 180° TO 360° 


@, OF 3 PHASE MOTOR DRIVER 
USING TSC4420/4429 


(X2) IN4448 


220 nf 50V 
UNITED CHEMCON SXE 


Figure 3. Self Contained Voltage Doubler 
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TSC4420 
TSC4429 


Supply Bypassing 

Charging and discharging large capacitive loads 
quickly requires large currents. For example, chang- 
ing a 2500pF load 18 volts in 25nS requires a 1.8A 
current from the device power supply. 

The TSC4420/4429 has double bonding on the 
supply pins, the ground pins and drive out pins. This 
serves to reduce parasitic lead inductance. This low 
inductance enables large drive currents to be 
switched very fast. It also reduces internal ringing that 


can cause voltage breakdown when the driver is 


operated at or near the maximum rated voltage. 

Internal ringing can also cause output oscillation 
due to feedback. This feedback is added to the input 
signal since it is referenced to the same ground. 

To guarantee low supply impedance over a wide 
frequency range, a parallel capacitor combination is 
recommended for supply bypassing. Low inductance 
ceramic disk capacitors with short lead lengths (< 0.5 
inch) should be used. A 1LF low ESR film capacitor 
in parallel with two .1u.F low ESR ceramic capacitors, 
(such as AVX RAM GUARD8), provides adequate 
bypassing.. Connect one ceramic capacitor directly 
between pins 1 and 4. Connect the second ceramic 
Capacitor directly between pins 8 and 5. 


Grounding | , 

The high curent capability of the TSC4420/4429 
demands careful PC board layout for best perform- 
ance. Since the TSC4429 is an inverting driver, any 
ground lead impedance will appear as negative feed- 
back which can degrade switching speed. The feed- 
back is especially noticeable with slow-rise time in- 
puts, such as are produced by an open collector 


output with resistor pullup. The TSC4429 input struc- 


ture includes about 300mvV of hysterisis to ensure 
clean transitions and freedom from oscillation, but 
attention to layout is still recommended. 

Figure 2 shows the feedback effect in detail. As 
the TSC 4429 input begins to go positive, the output 
goes negative and several amperes of current flowin 
the ground lead. As little as 0.05Q of PC trace 
resistance can produce hundreds of millivolts at the 
TSC4429 ground pins. If the driving logic is refer- 
enced to power ground, the effective logic input level 
is reduced and oscillation may result. 

To ensure optimum performance, separate ground 
traces should be provided for the logic and power 
connections. Connecting the logic ground directly to 
the TSC4429 GND pins will ensure full logic drive to 
the input and ensure fast output switching. Both of the 


TSC4429 GND pins should be connected to power 


ground. 


NEW PRODUCT INFORMATION 


Input Stage | t 4 

The input voltage level changes the no load or. 
quiescent supply current. The N channel MOSFET 
input stage transistor drives a 251A current source 
load. With a logic "1" input, the maximum quiescent 
supply current is 3mA. Logic "0" input level signals 
reduce quiescent current to 400A maximum. 

The TSC4420/4429 input is designed to provide 
300mvV of hysteresis. This provides clean transitions 
and minimizes output stage current spiking when 
changing states. Input voltage levels are approx-i 
mately 1.5V, making the device TTL compatible over 
the 4.5V to 18V operating supply range. Input current 
is less than 10uA over this range. 

The TSC4429 can be directly driven by the TL494, 
$G1526/1527, SG1524, TSC170, TSC38C42 and 
similar switch mode power supply integrated circuits. 
By. offloading the power-driving duties to the | 
TSC4420/4429, the power. supply controller can 
operate at lower dissipation. This can improve per- 
formance and reliability. 


Power Dissipation 

CMOS circuits usually permit the user to ignore 
power dissipation. Logic families such as 4000 and 
74C have outputs which can only supply a few mil- 
liamperes of current, and even shorting outputs to 
ground will not force enough current to destroy the 
device. The TSC4420/4429 on the other hand, can 
source or sink several amperes and drive large ca- 
pacitive loads at high frequency. The package power 
dissipation limit can easily be exceeded. Therefore, 
some attention should be given to power dissipation 
when driving low impedance loads and/or operating at 
high frequency. | 


TEK CURRENT 


PROBE 6302 


POWER 
GROUND 


Figure 4. Switching Time Degradation Due to 
Negative Feedback 
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HIGH-SPEED, HIGH-CURRENT SINGLE MOSFET DRIVER 


The supply current vs frequency and supply cur- 
rent vs Capacitive load characteristic curves will aid in 
determining power dissipation calculations. Also, 
Table 1 lists the maximum operating frequency for 
several power supply voltages when driving a 2500pF 
load. More accurate power dissipation figures can be 
obtained by summing the three power sources. 

Input signal duty cycle, power supply voltage, and 
Capacitive load influence package power dissipation. 
Given power dissipation and package thermal resis- 
tance the maximum ambient operation temperature is 
easily calculated. The CerDIP 8-pin package junction 
to ambient thermal resistance is 150°C/W. At 25°C, 
the package is rated at 800mMW maximum dissipation. 
Maximum allowable chip temperature is 150°C. 

Three components make up total package power 
dissipation: 

* Capacitive load dissipation (P,) 
* Quiescent power (P, ) 
* Transition power (P- ) 

The capacitive load caused dissipation is a direct 
function of frequency, capacitive load, and supply 
voltage. The package power dissipation is: 


FQ. 1:P,=fC V,? 
switching frequency 


Capacitive load 
s = supply voltage 


< OT 
nou of 


Quiescent power dissipation depends on input sig- 
nal duty cycle. A logic low input results in a low power 
dissipation mode with only .45mA total current drain. 
Logic high signals raise the current to 5mA maximum. 
The quiescent power dissipation is 3mA: 


EQ. 2: P, = Vg (D (I,,) + (1-D) |, ) 


where: I,, = quiescent current with input high 
(3mA Max) 
I, = quiescent current with input low 
(0.45mA Max) 
D = duty cycle 


Transition power dissipation arises because the 
output stage N and P channel MOS transistors are 
"on" simultaneously for a very short period when the 
output changes. The transition package power dissi- 
pation is approximately: 


EQ. 3: P, =f V,2 (2.3 x 10°) 


TSC4420 
TSC4429 


An example shows the relative magnitude for each 
term. 


Example 1: 
C = 2500pF 
V, = 15V 
D =50% 
f = 200kHz 


P,, = package power dissipation =P, +P, +P, 
=112mW + 103mW + 26mW 
= 241mW 
Ty = Ty + (Qj, X Pp) 
25°C + (150 x .241) 


= 61.22°C 


where: T, = junction temperature (150°C Max) 
T, = Ambient temperature 
9, = Junction to ambient thermal resistance 
(150°C/W, CerDIP) 


NOTE: Ambient operating temperature should not 
exceed 85°C for "IJA" device or 125°C 
for "MJA" device. 


Table 1: TSC4429 Maximum Operating 


Frequency 
Vs Max Frequency 
18V 500KHz 
15V 700KHz 
10V 1.6MHz 
5V 6.5MHz 
Conditions: 1.CerDIP Package (8,, = 150°C/W) 
2.T, = 25°C 
3. C, = 2500pF 


TEK CURRENT 


PROBE 6302 


Figure 5. Peak Output Curent Test Circuit 
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“47° TELEDYNE 
SEMICONDUCTOR > 


The Analog Signal Processing Company™ 


TSC/660 
DC TO DC VOLTAGE CONVERTER 


FEATURES 

m Converts +5 V Logic Supply to +5 V System 

m Wide Input Voltage Range ..... 1.5 V to 10.0 V 
m Efficient Voltage Conversion ............ 99.9% 
m Excellent Power Efficiency ............... 98% 
m Low Supply Current ............. 500 WA Max. 
m™ Cascade for Output Voltage Multiplication 

m Low Cost and Easy to Use 


— Only 2 External Capacitors Required 
RS232 Negative Power Supply 
Available in Small Outline SO Package 


BLOCK DIAGRAM 


BLOCK DIAGRAM 


» VOLTAGE 
: LEVEL 


TRANSLATOR 


INTERNAL 
VOLTAGE 
REGULATOR 


““~ 


TSC7660 
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TSC7660 


GENERAL DESCRIPTION 


The TSC7660 DC to DC converter will generate 
a negative voltage from a positive source. With two 
external capacitors the TSC7660 will convert a 1.5 V to 
10.0 V input signal to -1.5 V to -10.0 V level. The 
TSC7660 easily generates -5 V in +5 V digital systems. 

Many analog to digital converters, digital to 
analog converters, operational amplifiers, and multi- 
plexers require negative supply voltages. The TSC7660 
allows +5 V digital logic systems to incorporate these 
analog components wihtout adding an additional main 
power source. The TSC7660 can lower total system 
cost, ease engineering development and save space, 
power and weight. | 

The TSC7660 chargesa capacitor to the applied 
supply voltage. Internal analog gates connect the 
capacitor across the output. Charge is transferred to an 
output storage capacitor completing the voltage con- 
version. Operation requires only two external capacitors 
for supply voltage <6.5 V. 
| Contained on-chip are a series DC power 
supply regulator, RC oscillator, voltage level translator, 
four output power MOS switches, and a unique logic 
_ element which senses the most negative voltage in the 
device and ensures that the output N-channel switches 
are not forward biased. This assures latch-up free 
operation. 

The oscillator, when unloaded, oscillates at a 
nominal frequency of 10 kHz for an input supply 
voltage of 5.0 volts. This frequency can be lowered by 
the addition of an external capacitor to the “OSC” 
terminal, or the oscillator may be overdriven by an 
external clock. 

The “LV” terminal may be tied to GROUND to 
bypass the internal series regulator and improve low 
voltage (LV) operation. At medium to high voltages 
(+3.5 to +10.0 volts), the LV pin is left floating to prevent 
device latchup. 

The TSC7660 open circuit output voltage is 
equal to the input voltage to within 0.1%. The TSC7660 
has a 98% power conversion efficiency for a 2-5 mA 
load currents. | 


DC TO DC VOLTAGE CONVERTER 


Ordering Information 


Part No. Package Temperature Range 
TSC7660CPA 8-Pin Plastic DIP 0°C to +70°C 
TSC7660IJA 8-Pin CerDIP — -40°C to +85°C 
TSC7660MJA 8-Pin CerDIP_ 85°C to +125°C 
TSC7660COA 8-Pin SO  .0°C to +70°C 
TSC7660/Y Chip 2 25°C 


Devices with MIL-STD-883 Processing 
TSC7660MJA/883  8-Pin CerDIP — -55°C to +125°C 


Pin Configuration 
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PRODUCT INFORMATION 


TSC7660 


Absolute Maximum Ratings 


SUDDIV. VONAGE +. .caky5 to cmamet nye tinseweee wie ooo 10.5 V ‘POO TCOOM: dacrcis way aee demented ~55°C to +125°C 
LV and OSC Input Voltage VWSG(660C: sinc anpoestehewed sass eaeaaw ey 0°C to 70°C 
(Note 1) ........... -0.3 V to (v~ +0.3 V) for V<55V Storage Temperature Range ............ -65°C to 150°C 
(V* -5.5 V) to (V" +0.3 V) for V° >5.5V (Soldering, 10 SeC.) 00... ccc ccc cece eee cece ees 300° C 
Current into LV (Note 1) ............ 20 wA for V' >3.5V 
Output Short Duration (VsuppLy <= 5.5 V) .... Continuous 
Power Dissipation (Note 2) Stresses above those listed under Absolute Maximum Ratings may cause 
CerDIP Package bisa on ere iam mieeri tanta seme te 500 mW permanent damage to the device. These are stress ratings only, and functional 
Plastic Package .........--0.ssseeeeeeeee eee SEBIM! (ina enerational sections of tnelspecinccticns in ac) inillad: E posure te 
Operating Temperature Range absolute maximum rating conditions for extended periods may affect device 
FSC(660l s:cetecsced tatavaneesatecuns -40°C to +85°C reliability. 


Operating Characteristics v* =5 v, Ta = 25°C, Cosc = 0, Test Circuit Figure 1 (unless otherwise specified) 


LIMITS 
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
1 Supply Current RL = — 170 500 uA 
sa o°C< Tas 70°C, = 
; Vat Supply Voltage Range - Hi Ri = 10 kQ, LV Open 3.0 6.5 V 
ree -55°C < Ta S 125°C, 7” 
(Dx Out of Circuit) (Note 3) 10 kO, LV Open 3.0 5.0 V 
+ Supply voltage Range - Lo MIN < Ta S MAX, a 
3 Vit (Dx Out of Circuit) RL = 10 kf, LV to GROUND 2 22 ¥ 
+ Supply Voltage Range - Hi MIN s Ta Ss MAX, _ 
4 VHe (Dx In Circuit) RL = 10 kQ, LV Open oo 1 ¥ 
5 Ve Supply Voltage Range - Lo MIN < Ta Ss MAX, 15 — 35 
(Dx In Circuit) RL = 10 kO, LV to GROUND 
lout = 20 mA, Ta = 25°C — 55 100 Q 
lout = 20 mA, -40°C < Ta < +85°C 
— — 130 
[1 Device] 
lout = 20 mA, -20°C = Ta S +70°C = oa 420 Q 
[C Device] 
louT = 20 mA, -55°C < TAS _ _ 
6 Rout Output Source Resistance +125°C (Note 3) 150 0) 
V" =2V, lout = 3 mA, LV to GROUND _ 800 a 
-20°C < Ta = +70°C 
Vv" =2V, lour =3 mA, LV to GROUND, . A 
-55°C <= Ta S$ +125°C 
(Note 3) | 
fosc Oscillator Frequency —_ 10 —_— kHz 
8 PéEF Power Efficiency RL=5 kQ 95 98 — % 
Vout EF Voltage Conversion Efficiency RL=© 97 ~~ =«99.9 ~ % 
+ 
10 Zosc Oscillator Impedance ee St ee ee 
V" =5 Volts — 100 — koa 
Notes: 
1. Connecting any input terminal to voltages greater than C+ or less than 2. Derate linearly above 50°C by 5.5 mW/°C. 
GROUND may cause destructive latchup. It is recommended that no inputs 3. TSC7660M only. 


from sources operating from external supplies be applied prior to “power 
up” of the TSC7660. 
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DC TO DC VOLTAGE CONVERTER 


TSC7660 


Typical Performance Characteristics (Circuit of Figure 1) 
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» OUTPUT VOLTAGE 


TEMPERATURE (°C) 


Output Voltage as a Function 
of Output Current 
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TSC7660 


Typical Performance Characteristics (circuit of Figure 1) 


Supply Current & Power 
Conversion Efficiency as 
a Function of Load Current 


Supply Current Power 
Conversion Efficiency as 
a Function of Load Current 


100 


Output Voltage as a Function 
of Output Current 


TA = +25°C mM ~ 
vt=+2V ‘ Hoe 
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0 1 2 3 
LOAD CURRENT IL (mA) 


4 5 6 7 8 0 1.5 3.0 4.5 6.0 7.5 


LOAD CURRENT IL (mA) 
Note 4, 


Note that the curves on the right include in the 


supply current that current fed directly into the 
load (RL) from V_ (see Figure 1). Thus, approxi- 
mately half the supply current goes directly to 


LOAD CURRENT It (mA) 


the positive side of the load, and the other half, 
through the TSC7660, to the negative side of the 
load. Ideally, Vout = 2 Vin, Is = 2 IL, So VIN: Is = 
VouT ° Ik. 


Test Circuit 


Notes: 


EDs (tee 
So uC bgeG 
B746 


1. For large value of Cosc (>1000 pF) the values 
of C1 and C2 should be increased to 100 pF. 
2. Dx is required for supply voltages greater 
than 6.5 V @ -55° < Ta<+70°C; refer to per- 
formance curves for additional information. 


Figure 1: TSC7660 Test Circuit 


Circuit Description 


The TSC7660 contains all the necessary circuitry to com- 
plete a voltage doubler, with the exception of two external 
capacitors which may be inexpensive 10 uF polarized electro- 
lytic capacitors. Operation is best understood by considering 
Figure 3, which shows an idealized voltage doubler. Capacitor 
Ci is charged to a voltage, V", for the half cycle when switches 
Si and S3 are closed. (Note: Switches S2 and S4 are open 
~ during this half cycle.) During the second half cycle of opera- 
tion, switches S2 and Sq are closed, with S1 and S3 open, 
thereby shifting capacitor C1 negatively by V" volts. Charge 
is then transferred from C1 to C2 such that the voltage on C2 is 
exactly Vv", assuming ideal switches and no load on Cz. 


Vout = —YIn 


The 4 switches in Figure 3 are MOS power switches; Si is a 
P-channel device and S2, S3 and S4 are N-channel devices. 
The main difficulty with this approach is that in integrating 
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Figure 3: idealized Switched Capacitor 


TSC7660 


the switches, the substrates of S3 and S4 must always remain 
reverse biased with respect to their sources, but not so much 
as to degrade their “ON” resistances. In addition, at circuit 
startup, and under output short circuit conditions (Vout = V ), 
the output voltage must be sensed and the substrate bias 


adjusted accordingly. Failure to accomplish this would result 


in high power losses and probable device latchup. 
This problem is eliminated in the TSC7660 by a logic network 


which senses the output voltage (Vout) together with the .. 


level translators and switches the substrates or S3 and Sq to 
the correct level to maintain necessary reverse bias. 


The voltage regulator portion of the TSC7660 is an integral 
part of the anti-latchup circuitry. It’s inherent voltage drop 
can, however, degrade operation at low voltages. Toimprove 
low voltage operation the “LV” pin should be connected to 
GND, disabling the regulator. For supply voltages greater 
than 3.5 volts the LV terminal must be left open to insure 
latchup proof operation, and prevent device damage. 


Theoretical Power Efficiency 
Considerations 


In theory a voltage multiplier can appronen! 100% efficiency if 
certain conditions are met: 


@ The drive circuitry consumes minimal power 

® The output switches have extiemely: low ON resistance 
and virtually no offset. 

® The impedances of the pump and reservoir capacitors are 
negligible at the pump frequency. 


_ The TSC7660 approaches these conditions for negative vol- 
tage multiplication if large values of C1 and Coa are used. 
Energy is lost only in the transfer of charge between capaci- 
tors if achange in voltage occurs. The energy lost is defined by: 


—E= 1/2 Cr (V1? - V22) 


Vi and V2 are the voltages on C1 during the pump and transfer 
cycles. If the impedances of C1 and C2 are relatively high at 
the pump frequency (refer to. Figure 3) compared to the value 
of RL, there will be a substantial difference in the voltages V1 
and V2. Therefore, it is not only desirable to make C2 as large 
as possible to eliminate output voltage ripple, but also to 
employ a correspondingly large value for C1 in order to 
achieve maximum efficiency of operation. 


Do’s And Don’ts 


® Do not exceed maximum supply voltages. 

® Do not connect LV terminal to GROUND for supply 
voltages greater than 3.5 volts. 

® Do not short circuit the output to vo supply for supply 
voltages above 5.5 volts for extended periods, however, 
transient conditions including startup are okay. 

_ @ When using polarized capacitors, the + terminal of C1 
must be connected to pin 2 of the TSC7660 and the 
+ terminal of C2 must be connected to GROUND. 

@ Add diode Dx as shown in Figure 1 for high-voltage, 
elevated temperature applications. A1N914 diode is. . 
suitable. 


DC TO DC VOLTAGE CONVERTER 


Considerations for High Voltage and 


-- Elevated Temperature 
_ The TSC7660 will operate efficiently over its specified temp- 


erature range with only two external passive components 
(storage and pump capacitors), provided the operating sup- 
ply voltage does not exceed 6.5 volts at +70° C and 5.0 volts at 
+125°C. Exceeding these | ‘maximums at the temperatures 
indicated may result in desctructive latch- -up of the TSC7660 
(Ref: Graph “Operating Voltage Vs. Temperature”) 


Operation at supply voltages of up to 10.0 volts over the full 
temperature range without danger of latch-up can be achieved 
by adding a general purpose diode in series with the TSC7660 
output, as shown by “Dx” in the circuit diagrams. The effect 
of this diode on overall circuit performance is the reduction 
of output voltage by one diode drop (approximately 0.6 volts). 


Typical Applications a 
Simple Negative Voltage Converter 


Figure 4 shows typical connections to provide a negative 
supply where a positive supply is available. A similar scheme 
may be employed for supply voltages anywhere in the opera- 
ting range of +1.5V to +10.0 V, keeping in mind that pin 6 (LV) 
is tied to the supply negative (GND) only for supply voltages 
below 3.5 volts, and that diode Dx must be included for pro- 
per operation at higher voltage and/or elevated temperatures. 


The output characteristics of the circuit in Figure 4 are those of 
a nearly ideal voltage source in series with 70 ohms. Thus fora | 
load current of -10 mA and a supply voltage of +5 volts, the 
output voltage would be -4.3 volts. The dynamic output impe- 
dance due to the capacitor impedances is approximately 1/wC 
where: 


C=Ci=Ce2 


ivin Soe 
g g aC 27 fosc x 10-5 | 


= 3 ohms 


for C= 10 pF and fosc = 5 kHZ (1/2 of oscillator frequency) 


*Note: 
4: Vout =-n V" FOR 15V<V' <65 v 
2. VouT = -n (V -Vrpx) FOR6.5VSV < 10.0 V 


_ Figure 4: Simple Negative Converter 
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Paralleling Devices 


Any number of TSC7660 voltage convertors may be paralleled 
to reduce output resistance. The reservoir capacitor, Co, 
serves all devices while each device requires its own pump 


TSC7660 


capacitor, C1. The resultant output resistance would be 
approximately 
Rout (of TSC7660) 


ROUT See 
n (number of devices) 


Figure 5: Paralleling Devices Lowers Output Impedance 


Cascading Devices 


The TSC7660 may be cascaded as shown to produce larger 
negative multiplication of the initial supply voltage, however, 
due to the finite efficiency of each device, the practical limit is 
10 devices for light loads. The output voltage is defined by: 


10 uF 


*Note: " ; 
1. Vout =-n V" FOR 1.5 VS V" <6.5V, 
2. VouT =-n (V" -Vepx) FOR 6.5V<V' <10.0V 


Vout = -n (VIN), 
where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be approxi- 
mately the weighted sum of the individual TSC7660 Rout 
values. 


Figure 6: Increased Output Voltage By Cascading Devices 


Changing the TSC7660 Oscillator Frequency 


It may be desirable in some applications, due to noise or 
other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an external 
clock, as shown in Figure 7. In order to prevent possible 
device latchup, a 1 kO resistor must be used in series with the 
clock output. In the situation where the designer has gene- 
rated the external clock frequency using TTL logic, the addi- 
tion of a 10 kO pullup resistor to V- supply is required. Note 
that the pump frequency with external clocking, as with 
internal clocking, will be 1/2 of the clock frequency. Output 
transitions occur on the positive-going edge of the clock. 


Figure 7: External Clocking 
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itis also possible to increase the conversion efficiency of the 
-TSC7660 at low load levels by lowering the oscillator fre- 
quency. This reduces the switching losses, and is achieved 
by connecting an additional capacitor, Cosc, as shown in 
Figure 8. Lowering the oscillator frequency will cause an 
undesirable increase in the impedance of the pump (C1) and 
the reservoir (C2) capacitors. To overcome this increase the 
values of C1 and C2 by the same factor that the frequency has 
‘been reduced. For example, the addition of a 100 pf capaci- 

_ tor between pin 7 (Osc) and Vv" will lower the oscillator fre- 
quency to 1 kHz from its nominal frequency of 10 kHz (a 
multiple of 10), and necessitate a corresponding increase in 
the value of Ci and Ca (from 10 uF to 100 uF). 


Figure 8: Lowering Oscillator Frequency 


Positive Voltage Multiplication 

The TSC7660 may be employed to achieve positive voltage 
multiplication using the circuit shown in Figure 9. In this 
application, the pump inverter switches of the TSC7660 are 
used to charge C1 toa voltage level of V"-Ve (where V’ is the 
supply voltage and Ve is the forward voltage drop of diode D4). 
On the transfer cycle, the voltage on C1 plus the supply voltage 
(V *) is applied through diode D2 to capacitor Co. The voltage 
thus created on C2 becomes (2 V *) - (2 VF) or twice the sup- 
ply voltage minus the combined forward voltage drops of 
diodes D1 and Da. 


The source impedance of the output (VouT) will depend on 
the output current, but for V =5 volts and an output current 
of 10 mA it will be approximately 60 ohms. 


Figure 9: Positive Voltage Multiplier 


DC TO DC VOLTAGE CONVERTER 


Combined Negative Voltage Conversion 
and Positive Supply Multiplication 


Figure 10 combines the functions shown in Figures 4and 9 to 
provide negative voltage conversion and positive voltage 
multiplication simultaneously. This approach would be, for 
example, suitable for generating +9 volts and -5 volts from an 
existing +5 volt supply. In this instance capacitors Ci and C3 
perform the pump and reservoir functions respectively for 
the generation of the negative voltage, while capacitors C2 
and C4 are pump and reservoir respectively for the multiplied 
positive voltage. There is a penalty in this configuration 
which combines both functions, however, in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 


Vout = 
ayt 
~(V" — Vox) 


Vout = (2v") 
— (Vep1) — Vepay 
e 


Figure 10: Combined Negative Converter and 
Positive Multiplier , 


Efficient Positive Voltage 
Multiplication/Conversion 


Since the switches that allow the charge pumping operation 
are bidirectional, the charge transer can be performed back- 
wards as easily as forwards. Figure 11 shows a TSC7660 
transforming -5 V to +5 V (or +5 V to +10 V, etc.). The only 
problem here is that the internal clock and switch-drive 
section will not operate until some positive voltage has been 
generated. An initial inefficient pump, as shown in Figure 10, 
could be used to start this circuit up, after which it will bypass 
the other (D1 and D2 in Figure 10 would never turn on) orelse 
the diode and resistor shown dotted in Figure 11 can be used 
to “force” the internal regulator on. 


O 
V~ INPUT 


Figure 11: Positive Voltage Conversion 
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Voltage Splitting 

The same bidirectional characteristics used in Figure 11 can 
also be used to split a higher supply in half, as shown in 
Figure 12. The combined load will be evenly shared between 
the two sides. Once again, a high value resistor to the LV pin 
ensures start-up. Because the switches share the load in 
parallel, the output impedance is much lower than in the 
standard circuits, and higher currents can be drawn from the 
device. By using this circuit, and then the circuit of Figure 6, 
+15 V can be converted (via +7.5, and -7.5 V) to a nominal 
-15 V, though with rather high series resistance (~250 1). 


+ 
50 uF 


Figure 12: Splitting a Supply in Half. 


*3% DIGIT ADC 


Negative Voltage Generation for 
Display ADCs 
The TSC7106 is designed to work from a 9 V battery. With 


fixed power supply system the TSC7 106 will perform conver- 
sions with input signals referenced to power supply ground. 


Figure 13a: Fixed Power Supply Operation 
of TSC7106 ADC. 


“~ 


TSC7660 


TSC7107A 


COMMON 
ANODE 


LED 
DISPLAY 


Figure 13b: Negative Power Supply Generation for TSC7107A ADC 
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Negative Supply Generation for 
4 1/2 Digit Data Acquisition System 


The TSC7136 is a 4 1/2 Digit ADC operating from +5 V sup- see AN16 and AN17 for TSC7135 interface details and soft- 
plies. The TSC7660 inexpensively provides a -5 V source. _ .ware routines. ° 3 ae . 


6502 »P BUS 
Gal DATA BUS 
y /W_N ‘ 
A) 


TSC9491 
ZN 


NO 


REF IN 


COMMON 
100k 9.1 ufd 
+INPUT 


ANALOG INPUT 
-O 


ADDRESS 
BUS 


—INPUT 


CONTROL 
BUS 
REF CAP— 


REF CAP+ 


nN TN 
oO IN 
~N [Oo 


INT OUT 
47 utd 1 ufd g 


ADDRESS 
AZ IN DECODER 


100k ¢. 
: BUFF OUT 


~ 


TSC7135 SY6522 


CLOCK INPUT 


DIG GND f = 120 kHz 


Figure 14: TSC7660 Supplies -5 V for Converters in Microprocessor Controlled Data Acquisition Systems. 
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Negative Supply Generation for TSC94XX Frequency to Voltage Converters. 


GAIN = 14 fe FIV 


SSA : 10 KHZ FULL SCALE 
“NECESSARY ONLY JF fx) AMPLITUDE : - 
IS LESS THAN 400 mV. Cr = 1000 p 


hala GAIN a) Cr = 110 pF _ =. RIPPLE ATTENUATOR 


10 kQ 
“4 tsc900/Tsc7650 | 4 


O+5V TSC900/ 
f 3 0 TSC7650 


7 
(LOW LEVEL 
SIGNAL) 


MC1400UZ ** 


Figure 15: TSC7660 Supplies Negative Supply for TSC9400/9401/9402 Frequency to Voltage Converters. 
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TSC7662A 


TSC7662A IMPROVED DC-DC CONVERTER 


FEATURES 


@ Equivalent to ICL7662/SI7661/TSC7660/LTC1044 
M@ Increased Output Current 40mA 

M@ No External Diodes Required 

M@ Wide Operating Range 3.0 to 18 Volts 

@ Low Output Impedance 40Q Typical @ |, = 20 mA 
@ No Low Voltage Terminal Required 

m@ CMOS Construction 


FUNCTIONAL DIAGRAM 


COMPARATOR C1 
WITH HYSTERISIS EXTERNAL 


EXTERNAL 
PIN 4 CAPACITOR 


O CAP- Ri 
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General Description 


The TSC7662A is an proved version of the 
industry standard 7660/7662 Switched Capacitor DC- 
DC Converter. CMOS construction and advanced design 
result in a part that has twice the output power of the 
standard 7662 DC-DC converters and that requires 
fewer parts to use in many applications. 


The TSC7662A can source 40mA vs the 7662 
20mA capability. As an inverter the TSC7662A can put . 


out voltages as high as 18V and as low as 3.0V without 


_ the need for external diodes. The output impedance of | 


the device is a low 40. ohms, typical voltage con- 
version efficiency is 99.9% and power conversion effi- 
ciency is 97%. 


The low voltage terminal, pin 6, required in some 
7662 applications has been eliminated. Only two 
external capacitors are required for inverter applications. 
If an external clock is needed to drive the TSC7662A 
(such as when paralleling) driving pin 7 directly will 
cause the internal oscillator to sync to the external clock. 


The TSC7662A can be used in applications such as 
Vout = -Vin, Vout = 2Vin, Vout = Vin/2, and Vour = £NVin. 


The TSC7662A can be used as a DC-DC inverter, 
as a doubler, as a plus and minus supply spliter and 


when combined with other TSC7662A’s as a voltage 


multiplier greater than two. 


The TSC7662A is compatible with the LTC1044, 
ICL7660, ICL7662, SI7661, and TSC7660. It should be 
used in designs that require greater power and/or less 
input to output voltage drop. 


NEW PRODUCT INFORMATION 


Ordering Information 


Package Temp. Range 


Part No. 
TSC7662ACPA 8-pin Plastic DIP 0 to- 70°C | 
TSC7662AINA 8- alt CerDIP. 40 to 85°C 

_ TSC7662AMJA 8-pin CerDIP -55 to 125°C 
TSC7662AMJA —-BpinCerDIP_—-55 to 125°C 
TSC7662AMJA/883_8-pin CerDIP -55 to 125°C 
TSC7662ACY Chip 25°C Only 


Pin Configuration 
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Absolute Maximum Ratings TSC7662AMJA ..........0 008s -55°C to +125°C 
Supply voltage Vs to Vs ........c cece cece e ees 18V en ee mW Pee WW 
Input voltage ............... (Vs + 0.3) to (Vs - 0.3) JA 500 mW 90°C |W 
(Any Pin) ‘ 
Storage temperature .............. -55°C to 150°C Mea Poon oes 
Lead temperature ........ (soldering 10 sec) 300°C ESD Protection +2000V 
Current into any pin .......... cee eee ee eee TOWN. te ee ee ae es 
Operating temperature range Output will withstand a continuous short circuit at 5.5 
TSC766G2ACPA  ...... cece wee ee eees 0° to 70°C Volts input. 
TSC7E62AIJA .. 1... eee eee eee -40°C to +85°C 


Electrical Characteristics Vs = 15V T, = 25°C (See Test Circuit) 


SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 
Vs Supply Voltage 3.0 18 Volts 
Is Supply Current Ri = 9 | 
Vg = 15V Ta = 25°C 510 700 yA 
0<Ta<70°C 560 | LA 
-55STaS125°C 650 LA 
Vs =5V Ta = 25°C 190 LA 
0<Ta=70°C 210 LA 
| -55<TaS125°C i 210 if LA 
Ro Output Source lL = 20mA, Vs = 15V 40 50 Q 
Resistance 
IL = 40mA, Vs = 15V 50 60 Q 
IL = 3mA, Vs = 5V 100 125 Q 
Cosc Oscillator | 12 KHz 
Frequency 
Perr Power Vs = 15V 93 97 % 
Efficiency Ri = 2KQ 
Ver Voltage Vs = 15V 99 99.9 % 
Efficiency Ri = °° 
Over Temp Range 96 % 
Test Circuit 


“We 


10 uF 
ce “31 tsc7662a 


p 
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TSC7662A 
APPLICATIONS INFORMATION | 


Theory of Operation 


The TSC7662A is a capacitive pump (sometimes. 


called switched capacitor circuit) where four MOSFET 
switches control the charge and discharge of a capacitor. 


The Functional diagram (page 1) shows how the 
switching action works. SW1 and SW2 are turned on 
simultaneously, charging C1 to the supply voltage Vs’. 
This assumes that the on resistance of the MOSFETs in 
series with the capacitor results in a charging time (3 
time constants) that is less than the on time provided by 
the oscillator frequency as shown in EQ 1. 

(EQ 1) 3(Rosion a <C1/(.5 fosc)] 

In the next cycle SW1 and swe are turned off and 
after a very short interval of all switches being off, (this 
prevents large currents from occuring due to cross 
conduction) SW3 and SW4 are turned on. The charge in 
C1 is then transferred to Cour, BUT WITH THE POLARITY 
INVERTED. In this way a negative voltage is now 
derived. 


An oscillator supplies pulses to a flip-flop that is then 
fed to a set of level shifters. These level shifters then 
drive each set of switches at one half the oscillator 
frequency. 


The oscillator has a pin that controls the frequency 
of oscillation. Pin 7 can have a capacitor added that is 
run to ground. This will lower the frequency of the 
oscillator by adding capacitance to the timing capacitor 
internal to the TSC7662A. (See Oscillator Frequency vs. 
Cex On page 6). 


Capacitors 


In early charge pump converters the capacitors 
were not considered critical due to the high Rosiow of the 
MOSFET switches. In order to understand this, let’s look 
at a model of a typical electrolytic capacitor. (ee 
Capacitor equivalent circuit). 


Note that one of its characteristics is ESR or 
equivalent series resistance. This parasitic resistance 
winds up in series with the load. Thus both voltage 


conversion efficiency and power conversion efficiency 


are compromised if a low ESR capacitor is not used. 


In the test circuit on Page 3 for example, changing 
C, and C, from a capacitor with typical ESR to alow ESR 
type, the effective converter output impedance changed 
from 45 to 40 ohms, an improvement of 12%. 


NEW PRODUCT INFORMATION 


Capacitor Equivalent Circuit © 


This applies to all types of capacitors including film 
types (polyester, polycarbonate, etc.). 


Some applications information suggest that the 
capacitor is not critical and contribute the limiting factor 
of the capacitor to its reactive value. Lets examine this. 


1 
2m7FC 


For the TSC7662A, F = 12000 Hz, and a typical 
value of C would be 10uF. This is a reactive impedance 
of ~ 1.33Q. Ifthe ESR is as great as 5Q, then the reactive 
value is not as critical as it would first appear as the ESR 
would predominate. The 5Q value is typical of a general 
purpose electrolytic. 


Other converters such as the TSC965 are better 
suited for series voltage multiplication applications. 


Synchronizing 


The TSC7662A may be synchronized by sourcing a 
5us, 5ua clock pulse to pin 7. Care should be taken notto 
overdrive pin 7 beyond 5V. 


A TTL voltage level driving a diode and 100K 
resistor in series to pin 7 is arecommended procedure. 


TO PIN7 TSC7662A 
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Vout = 2V"-2Vp 


“~~ 


31 Tsc7662A 


Lowering Output Resistance by Paralleling Devices 


SUPPLY CURRENT (uA) 


Supply Current vs. Temperature 
700 


600 
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TSC7662A 


+]100 uF 3] TSC7662A 16 


Positive Voltage Multiplier 


CH ia 


Vouw=2V"-2Vp 


10 uF 
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Oscillator Frequency vs Cex; 


1 KHz 


FREQUENCY 


100 Hz 


“CAPACITANCE (pF) 


Frequency vs Temperature 
20 KHz 


FREQUENCY 
iS rs 
~ xz 
— a ot 
N N 


-60 -40 -20 0 20 ~ 40° 60 80 100 120-140 
TEMPERATURE (°C) 
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The Analog Signal Processing Company™ TS C 9 1 0 1 


1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS 


Features 

@ 10 to 70 V Input Range 

@ Current-mode Control 

@ On chip 150 V, 5 2 MOSFET Switch 
@ Reference Selection 


TOC9100 6. co saw awe SRR a oe cleaned ware Sn +1% 
TOCOION icc ciated See ORL EY RA ha ees +10% 
M@ High Efficiency Operation ................66- > 80% 


@ Internal Start-up Circuit 
@ Internal Oscillator (up to 1 MHz) 


Applications 


@ ISDN Terminals 

@ PBX Equipment 

@ Modems 

@ Feature Telephones 

m@ DC/DC Converters 

@ Distributed Power Systems 


DISCHARGE Sc 9 


ie) 
IN 


\ 


Error 
Amplifier 


Clock (1/2 foSC) 


2v 
Current-mode 


Comparator 


C/L 
Comparator 


Current To 
Sources Internal 
Circuits SOURCE 


Undervoltage 


Comparator SHUTDOWN 
y 8.1V 0 B RESET 


Startup/Pre-regulator 


© 1988 
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1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS 


General Description 


The TSC9100/TSC9101 high-voltage switchmode regulators are 
monolithic D/CMOS integrated circuits which contain most of 
the components necessary to implement'a 1-Watt, high- 
efficiency DC to DC converter. They can either be operated from 


a low-voltage DC supply, or directly from a 10 to 70 V unregulated 


DC power source. 


The switchmode regulator subsystem includes high-voltage 
startup circuitry, oscillator, voltage reference, current-mode 
PWM circuitry and a high-speed, 150 V, 5 Q MOSFET switch. 

Additional features include primary current sense, SHUTDOWN 
and RESET logic inputs, and external clock synchronization. This 
device may be used with an appropriate transformer to imple- 
ment most single-ended isolated power converter topologies (i.e., 
flyback and forward), or by using an external reference can 
generate a +5 V non-isolated output from a —48 V source. 


The TSC9100/TSC9101 is available in 14-pin plastic, CerDIP and 
PLCC 20-pin packages, and is specified over the military, M suf- 
fix (-55 to + 125°C) and industrial E suffix (-—40 to + 85°C) 
temperature ranges. 


Pin Configuration 


PLCC Package 
Dual-in-Line Package 20 19 


Ld 
10 11 12 13 


Top View Top View | 


Order Numbers: : Order Numbers: 


CerDIP: TSC9100EJF, TSC9101EUF 
Plastic: TSC9100EPF, TSC9101 EPF 
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TSC9100ENP, TSC9101ENP - 


Absolute Maximum Ratings 


- Voltage Referenced to — Vin 


CO. ea Renee eee eke eee eae es 15.0 V 
+ViNn sd hchee Were Weeds SoG ae Sele ee Pek Sele suieeamehsanalO V 
Nei tae haat aia nt 5 Ga tank a eahe ee een od 150 V 
i Peak) (300 us pulse, 2% duty ecle} seatdenssGaa aa 1.1.25 A 
lp UIMS) acicwawt sa eee oad el ene ees See eee wes 350 mA 
Logic Inputs (RESET, SHUTDOWN, 

OSC AN eee cee euler emesis —0.3 V to Voc + 0.3 V- 
Linear Inputs (FEEDBACK, SOURCE) eae -0.3 V to 7.0 V 
HV Preregulator Input Current (continuous) .......... 3 mA 
Storage Temperature (M Suffix) .......... —65 to +150°C 

(E Suffix) .......... —65 to +125°C 
Operating Temperature (M Suffix) ........ -—55 to +125°C 
(E- Suffix); cccnaved: -40 to +85°C 
Junction Temperature (Ty) ..............20 000s. + 150°C 
Power Dissipation (Package)! 
14-Pin Ceramic DIP (K Suffix)?................. 1000 mW 
14-Pin Plastic DIP (J Suffix)? ................... 750 mW 
20-Pin PLCC (N Suffix)4 ..............0 00 e ees 1400 mW 
Thermal Impedance (6,,) | 
14-Pin Ceramic DIP ............ 0.0.0 000 eae + 100°C/W 
14-Pin Plastic. DIP ests aaa wig a baad See meee eG + 167°C/W 
20-Pin PECC.2 aii woe ee adie Lee sherds + 90°C/W 


NOTES: 1Device mounted with all leads soldered or welded to PC board 
2Derate 10 mW/°C above + 50°C 
3Derate 6 mW/°C above +25°C 
4Derate 11 mW/°C above +25°C 


| PIN # PIN # 
BIAS 
+Vin 
DRAIN 
SOURCE 
- Vin 
Voc 
OSC OUT 
OSC IN 
DISCHARGE 
VREF 
SHUTDOWN 
RESET 
COMP 
FB 


*Pins 1, 4, 6, 13, 15 and 19 = N/C 


© 1988 


1-WATT, HIGH VOLTAGE 


SWITCHMODE REGULATORS 


Electrical Characteristics 


SYMBOL 


Reference 
Vp 


Zout 


Oscillator 
fosc 


Vosc 


PARAMETER 


Output Voltage 


Output Impedance 
Short Circuit Current 


Temperature Stability 


Maximum Frequency 
Initial Accuracy 
Voltage Stability 


Temperature Coefficient 


Error Amplifier 


VeB 


Avot 


Zout 


lout 


PSRR 


Feedback Input Voltage 


Input BIAS Current 
Open Loop Voltage Gain 
Unity Gain Bandwidth 


Output Impedance 


Output Current 


Power Supply Rejection 


Current Limit 


VsouRCE 


ta 


Threshold Voltage 


Delay to Output 


Preregulator/Startup 


+Vin 


+lin 


© 1988 


Input Voltage 


Input Leakage Current 


Voc Preregulator Turn-OFF 


Threshold Voltage 


Undervoltage Lockout 


TSC9100 
TSC9101 


DISCHARGE = -Viy = 0 V, Voc = 10 V, +Vin = 48 V, Reiss = 390 kQ, Rogc = 330 kQ, 
T = +25°C, unless otherwise indicated. 


LIMITS 
M SUFFIX E SUFFIX 
-55 to +125°C -—40 to +85°C 

CONDITIONS TYP2 MIN MAX MIN MAX UNIT 
R, = 10 MO 
(See Detailed Description) oe _ 

30 kQ 
Vacs = Vin 100 pA 
See Note 3 1 mvV/°C 
Rosc =0 3 1 1 MHz 
See Note 4 100 80 120 80 120 kHz 
95 V<Vocs = 135 V +3 % 
See Note 3 500 ppm/°C 
FB tied to COMP TSC9100 4.00 3.96 4.04 3.96 4.04 V 
See Detailed Description SS er 
Reference Section TSC9101 4.00 3.60 4.40 3.60 4.40 V 
Ven = 4.0 V 25 500 500 nA 

80 60 60 dB 

1 MHz 

50 kQ 
Source Veg = 3.4 V 2.0 1.4 1.4 mA 
Sink Veg = 4.5 V 0.15 12 12 mA 
95 V<sVocs = 135 V 70 . dB 
R, = 100 2 from DRAIN to 
Voc 
V5 OW 1.2 1.0 1.4 1.0 1.4 V 
R, = 1000 from DRAIN to Voc 
VsouURCE =14V, See Figure 1 150 200 200 Ne 
lin = 100 pA 70 70 V 
lPREREGULATOR = 10 pA 8.6 9.4 | 9.4 V 
R, = 1000 from DRAIN to Voc 84 89 89 Vv 


(See Detailed Description) 


11-105 


1-WATT, HIGH VOLTAGE 
TSC9100 SWITCHMODE REGULATORS 


TSC9101 


Electrical Characteristics: DISCHARGE = —Vwy = 0 V, Voc = 10 V, +Vin = 48 V, Rejas = 390 k®, Roge = 330 ka, 


T = +25°C, unless otherwise indicated. 


LIMITS 
. M SUFFIX E SUFFIX 
- -—55 to +125°C ~40 to +85°C 
SYMBOL PARAMETER © CONDITIONS | TYP2 MIN MAX MIN MAX 
Supply 
loc Supply Current 0.6 1.0 . 1.0 
lBias Bias Current 15 
Logic i ae V _-V 
tsp SHUTDOWN Delay S66 Hau ao 50 100 100 
tow SHUTDOWN Pulse Width See Figure 3 50 50 
taw RESET Pulse Width See Figure 3 50 50 
Latching Pulse Width | | 
‘uw SHUTDOWN and RESETLow _—«S@e Figure 3 25 se 
Vit Input LOW Voltage . 2.0 2.0 | 
Vin Input HIGH Voltage 8.0 ~ 8.0 
Input Current = 7 | 
My Input Voltage HIGH vie aOM : ? 7 
Input Current Vin = OV _25 _35 35 
IL Input Voltage LOW IN™ | 
MOSFET Switch See Note 3 
Vierpss Breakdown Voltage Mosel Bo SrUTDOWN = OV 180 150 150 
See Note 5 


ee Drain-Source ON Vesince = 0 
Resistance Iban = 100 mA 3 5 5 


ao V = VsquTDOwN = 0 V | 
| Drain OFF Leakage Current SOURCE © SHUTDOWN 10 10 
Bee 8 Vprain = 100 
Cos Drain Capacitance Vsource = V8HUTDOWN = 0 V 250 
NOTES: 1. Guaranteed by design, not subject to production test. 3. Temperature = +125, +85°C; -55, —40°C 
2. Typical Values are for DESIGN AID ONLY, not guaranteed nor 4. Cotpay Pin 8 = 0 pF. . 
subject to production testing. 5. Temperature coefficient of fogion) iS 0.75% per °C, typical. 
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UNIT 


ns 


ns 


‘oF 
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1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS TSC9100 


TSC9101 


Timing Waveforms 


Voc 
SHUTDOWN 50% 
0 a 


te s 10 ns 


Voc - 
DRAIN 
0 


50% 
tr, te s 10 ns 


Figure 3 


Typical Characteristics | 


+Vin VS. +l) at Startup Output Switching Frequency vs. Oscillator 
Resistance 


= 
eae a 
Saati aa 


eet 
LUNE 


fouT 100 K 
(Hz 


+l in, (MA) | DS(ON) 
(2) 


Figure 4 and Figure 5 
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TSC9100 
TSC9101 


Detailed Description 


Preregulator/Startup Section 


Due to low quiescent current requirement of the TSC9100 con- 
trol circuitry, bias power can be supplied from the unregulated 
input power source, from an. external regulated low-voltage 
supply, or from an auxiliary ‘bootstrap’ winding on the output 
inductor or transformer. 


When power is first applied during startup, +Vjy (pin 2) will 
draw a constant current. The magnitude of this current is deter- 
mined by a high-voltage depletion MOSFET device which is con- 
nected between +Vixy and Vcc (pin 6). This startup circuitry 
provides initial power to the IC by charging an external bypass 
capacitance connected to the Vcc pin. The constant current is 
disabled when Vcc exceeds 8.6 V. If Voc is not forced to 
exceed the 8.6 V threshold, then Vcc will be regulated to a 
’ nominal value of 8.6 V by the preregulator circuit. 


As the supply voitage rises toward the normal operating condi- 
tions, an internal undervoltage (UV) lockout circuit keeps the out- 
put MOSFET disabled until Vcc exceeds the undervoltage 
lockout threshold (typically 8.1 V). This guarantees that the con- 
trol logic will be functioning properly and that sufficient gate drive 
voltage is available before the MOSFET turns ON. The design 
of the IC is such that the undervoltage lockout threshold will not 
exceed the preregulator turn-off voltage. Power dissipation can 


be minimized by providing an external power source to Vcc. 


such that the constant current source is always disabled. 


NOTE: During startup or when Vcc drops below 8.6 V the 
startup circuit is capable of sourcing up to 20 mA. This may lead 
to a high level of power dissipation in the IC (for a 48 V input, 
approximately 1 W). Excessive startup time can result in device 
damage. See Figure 4 for calculation of power dissipation 
during startup. 


Bias 


To properly set the bias for the TSC9100, a 390 kQ resistor 
should be tied from BIAS (pin 1) to — Vin (pin 5). This deter- 
mines the magnitude of bias current in all of the analog sec- 
tions and the pull-up current for the SHUTDOWN and RESET 
pins. The current flowing in the bias resistor is poe 15 pA. 


Reference Section. 


The reference section of the TSC9100 consists of a temperature 
compensated buried zener and trimmable divider network. The 
output of the reference section is connected internally to the non- 
inverting input of the error amplifier. Nominal reference output 
voltage is 4.0 V. This automatically compensates for the input 
offset voltage in the error amplifier. 


The output impedance of the reference section has peer purposely 
made high so that a low impedance external voltage source can 
be used to override the internal voltage source, if desired, without 
otherwise ‘altering the performance of the device. 


Applications which use a separate external reference, such as 
non-isolated converter topologies and circuits employing optical 
coupling in the feedback loop, do not require a trimmed voltage 
reference with 1% accuracy. The TSC9101 accommodates the 
requirements of these applications at a lower cost, by leaving 
the reference voltage untrimmed. The 10% accurate reference 
thus provided is sufficient to establish a DC bias point for the 
error amplifier. 
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Error Amplifier 


Closed-loop regulation is provided by the error amplifier, which 
is intended for use with “‘around-the-amplifier’’ compensation. | 
An MOS differential input stage provides for low input current. 
The non-inverting input to the error amplifier (Vref) is internally 
connected to the output of the reference supply and should be 
bypassed with a small capacitor to ground. 


Oscillator Section 


The oscillator consits of a ring of CMOS inverters, capacitors, 
and a capacitor discharge switch. Frequency is set by an exter- 
nal resistor between the OSC IN and OSC OUT pins. (See Figure 
5 for details of resistor value vs. frequency.) The DISCHARGE 
pin should be tied to — Vij for normal internal oscillator opera- 
tion. A frequency divider in the logic section limits switch duty 
cycle to <50% by locking the switching frequency to one half 
of the oscillator frequency. 


Remote synchronization pulse into the OSC IN (pin 8) terminal. 
For a 5 V pulse amplitude, typical values would be 1000 pF in 


series with 10 kQ to pin 8. 


SHUTDOWN and RESET 
SHUTDOWN (pin 11) and RESET (pin 12) are intended for over- 


_ riding the output MOSFET switch via external control logic. The 


two inputs are fed through a latch preceding the output switch. 
Depending on the logic state of RESET. SHUTDOWN can be 
either a latched or unlatched input. The output is OFF whenever 
SHUTDOWN is low. By simultaneously having SHUTDOWN and 
RESET low, the latch is set and SHUTDOWN has no effect until 
RESET goes high. The truth table for these inputs is given in 
Table 1. 


Both pins have internal current source pull-ups and can be left 
disconnected when not in use. An added feature of the current 
sources is the ability to connect a capacitor and an open-collector 
driver to the SHUTDOWN or RESET pins to previee variable 
shutdown time. 


Output Switch 


The output switch is a 5 0, 150 V isteral DMOS device. Like 
discreet MOSFETs, the switch contains an intrinsic body-drain 
diode. However, the body contact in the TSC9100 is connected 
internally to —Vj,y and is independent of the SOURCE. 


Table 1: Truth Table for the SHUTDOWN and RESET pins 


SHUTDOWN RESET | OUTPUT : 


Normal Operation 


Normal Operation 
(No Change) 


OFF (Not Latched) 
OFF (Latched) 


OFF (Latched) (No Change) 
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1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS TSC9100 


TSC9101 


Applications 


Buck-Boost Non-lsolated 1 W Supply 


O GND 
L1 
150 wH 
@ 0.2 ADC 
a 
R3 mA 
150 k : 
C1 C2 a. 
20 F 0.1 
ULF TSC9101 
6 Ut 
TL 
C7 10 431C 
0.1 U2 
mats 
R1 ) = 
-48 VO 
Non-lsolated 1 W Supply (Buck) 
O GND 
2 
8 0-5 V 
200 mA 
R3 
150 k 
C1 C2 
20 uF 0.1 Sol 
ULF TSC9101 
g U1 
C7. 10 
0.1 
HF | cE 


0.1 
R1 
-48 VO 
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TSC9100 SWITCHMODE REGULATORS. 


TSC9101 


Applications (Cont.) — 


One Watt Flyback Converter for Telecommunications Power Supplies* 


1N5819 


1N5819 


-Viy (-48 VDC) 


*For additional information on using the TSC9100 in telecommunications and ISDN power supplies, 
see AN35 and ANS6. © © : : 3 : 


Dual-In-Line Burn-in Circuit 


 R, = 390 kQ, %@ W 


Ry & Ry = 1k0,2W 
| R, = 100 0, v4 W 

. Rg = 330 kQ, %4 W 
Faroe ak 

. C, = 0.1 pF, 50 V 
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1-WATT, HIGH-VOLTAGE 
SWITCHMODE REGULATORS TSC9100 


TSC9101 


PLCC Burn-In Circuit 


NOTES: 1. R, = 390 kQ, % W 
2. Ry &R, =1k0, 2W 
3. R, = 100 0, % W 
4. Ry = 330 kQ, %4 W 


5. F,, F, = ‘he A 
6. C, = 04 pF, 50 V 


CHiee 11-111 


Notes 


ENGINEER: 


PROJECT: ee 


DESCRIPTION | 
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DEPT aie 


TELEDYNE 
SEMICONDUCTOR TSC9110 


The Analog Signal Processing Company™ TS Cc 9 4 1 4 


HIGH-VOLTAGE 
SWITCHMODE CONTROLLERS 


Features 


@ 10 to 120 V Input Range 

@ Current-mode Control 

M@ High-Speed, Source-Sink Output Drive 

@ High Efficiency Operation................... >80% 
@ Internal Start-up Circuit 

@ Internal Oscillator (up to 1 MHz) 

M@ Reference Selection 


TSC9110 si ens teu we sass Chaves Penes wd +1% 
TSCOW I-34 a vel eke vanes aeeeone ea seen eee £10% 
Applications 


™@ DC/DC Converters 

M@ Distributed Power Systems 
@ ISDN Equipment 

@ PBX Equipment 

@ Modems 


Error 
Amplifier 


To 
Veco 


4 
> O OUTPUT 


Clock (1/2 f OSC ) 


Current-mode 
Comparator 


C/L 
Comparator 


Current To 
Sources Internal 
Circuits 


Undervoitage 


Comparator u O SHUTDOWN 
yO 2 12.5 RESET 


yr . 
‘ 0 8.6V 


Pre-regulator/Startup 
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General Description 


The TSC9110/TSC9111 are D/CMOS integrated circuits designed 
for use as high-performance switchmode controllers. A high-voltage 
DMOS input allows the controller to work over a wide range of input 


voltages (10- to 120-VDC). Current-mode PWM control circuitry is _ 


implemented in CMOS to reduce internal power consumption to 
less than 10 mW. 


The on-chip oscillator frequency is set by an external resistor, 
and can be easily synchronized to an external system clock. 
SHUTDOWN and RESET inputs allow external logic control, and 
these inputs can also be used to provide a variable shutdown 
time for fault protection. A push-pull output driver provides high- 
speed switching for MOSPOWER devices large enough to 
supply 50 W of output power. When combined with an output 
MOSFET and transformer, the TSC9110 or TSC9111 can be 
used to implement most single-ended power converter topol- 
ogies (i.e., flyback and forward). 


The TSC9110 and TSC9111 are available in 14-pin plastic, SO-IC 
and CerDIP packages, and are specified over the military, M 
suffix (— 55 to + 125°C) and industrial, E suffix (— 40 to + 85°C) 
temperature ranges. : 


Pin Configuration 


Dual-In-Line Package 


FB 

COMP 
RESET 
SHUTDOWN 


VREF 
| 9] DISCHARGE 


Top View _ 


Order Numbers: 


CerDIP: TSC9110EJF, TSC9111EJF 
Plastic: TSC9110EPF, TSC9111EPF 
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Absolute Maximum Ratings 


Voltage Referenced to —Vin ae 
Vee) Jo5 ea ot eee eee ee Ani ees ...15.0 V 


A eine eaele Ore ena ee i i ae pe te alae PG ..120 V 
Logic Inputs (RESET, SHUTDOWN, . | 

OSG IN) ince cue Oe ae a Se .. ~0.3 V to Voc + 0.3 V 
Linear Inputs (FEEDBACK, SENSE)....... -0.3 V to 7.0 V 
HV Preregulator Input Current (continuous).......... 3 mA 
Storage Temperature (M, E Suffix) . . Sac ak -—65 to +150°C 
Operating Temperature (M Suffix) ........ ~55 to +125°C 

(E Suffix)... .... ... 7-40 to +85°C 

Junction Temperature (Ty) ......... famaen ee cee 1O02G 
Power Dissipation (Package)! 
14-Pin Ceramic DIP (K Suffix)?................. 1000 mW 
14-Pin Plastic DIP (J Suffix)? ................... 750 mW 
14-Pin SO-IC (Y Suffix) ............. 0.000. ... 800 mW 
Thermal Impedance (64,) | 
14-Pin Ceramic DIP .............. er ee ae + 100°C/W 
14-Pin) Plastic DIP is-cscay dogs ee ee eee ad aS + 167°C/W 
14-Pin SO-IC .......... Pee ee eee eT + 140°C/W 


NOTES: ‘Device mounted with all leads soldered or welded to PC board 
2Derate 10 mW/°C above +50°C 
3Derate 6 mW/°C above +25°C — 
4Derate 7 mW/°C above +25°C 


sO Package 


Top View 


Order Numbers: 
TSC9110EOF, TSC9111EOF 
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HIGH VOLTAGE 


SWITCHMODE CONTROLLERS TSC9110 


TSC9111 


Electrical Characteristics: DISCHARGE = -Vy = 0 V, Voc = 10 V, +Vin = 48 V, Reiag = 390 kQ, Rose = 330 ka, 
T = +25°C, unless otherwise indicated. 


© 1988 


(See Detailed Description) 
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LIMITS 
M SUFFIX E SUFFIX 
-—55 to +125°C -40 to +85°C 
SYMBOL PARAMETER CONDITIONS TYP2 MIN MAX MIN MAX UNIT 
Reference 
R, = 10 MQ 
VR Output Voltage (See Detailed Description) a0) v 
Zout Output Impedance 30 kQ 
Short Circuit Current Vrer = —Vin 100 pA. 
Temperature Stability See Note 3 1 mvV/°C 
Oscillator 
fosc Maximum Frequency Rosc = 0 3 1 1 MHz 
Initial Accuracy See Note 4 100 80 120 80 120 kHz 
Vosc Voltage Stability 9.5 V<Vocs = 135 V +3 % 
Temperature Coefficient See Note 3 500 ppm/°C 
Error AmpItticr FB tied to COMP  TSC9110 4.00 396 4.04 396 4.04 V 
Ves Feedback Input Voltage See Detailed Description 
Reference Section TSC9111 4.00 3.60 4.40 3.60 4.40 V 
Input BIAS Current Veg = 4.0 V 25 500 500 nA 
Avor Open Loop Voltage Gain 80 60 60 dB 
Unity Gain Bandwidth 1 MHz 
Zout Output Impedance 50 kQ 
Source Veg = 34 V 2.0 1.4 1.4 mA 
lout Outpye Current Sink Veg = 4.5 V 0.15 42 12 mA 
PSRR Power Supply Rejection 95 V<Vocs = 135 V 70 dB 
Current Limit a; 
VsouRCE Threshold Voltage Vep =OV 1.2 1.0 1.4 1.0 1.4 V 
ty Delay to Output Vsense = 1.4 V, See Figure 1 100 150 150 ns 
Preregulator/Startup | 
+Vin Input Voltage lin = 10 pA 120 120 V 
+lin Input Leakage Current Voc 29.4 V 10 10 pA 
Voc Preregulator Turn-OFF _ 
Threshold Voltage IPREREGULATOR = 10 HA ey ait ae : 
Undervoltage Lockout lourput = 1 mA 8.1 8.9 8.9 V 


TSC9110 


Electrical Characteristics (Cont.): 


SYMBOL 


Supply 
loc 


IBIAS 
Logic 
tsp 
tsw 
taw 
tlw 
Vit 


Vin 


Ti 


OUTPUT 
Vou 


PARAMETER 


Supply Current 


Bias Current 
SHUTDOWN Delay 


SHUTDOWN Pulse Width 


RESET Pulse Width 


Latching Pulse Width 


SHUTDOWN and RESET LOW 


input LOW Voltage 


Input HIGH Voltage 


_ Input Current 


Input Voltage HIGH 
Input Current 
Input Voltage LOW 


Output HIGH Voltage 


Output LOW Voltage 


Output Resistance 


Rise Time 


Fall Time 


- CONDITIONS. 


Cc. = 500 pF 
Vsense = —VIN 
See Figure 2 


See Figure 3 
See Figure 3 


See Figure 3 


Vin = 10V 


Vin = OV 
lout =1mA 
See Note 3 


lout = —-1 mA 


See Note 3 


See Note 3 
C, = 500 pF 


C, = 500 pF 


Guaranteed by design, not subject to production test. . 


ject to production testing. 


2. Typical Values are for DESIGN AID ONLY, not guaranteed nor sub- _ 


TYP2 


0.6 


15 


50 


20 


25 
40 


40 


3. Temperature 


M SUFFIX 
-—55 to +125°C 
MIN. . MAX 

1.0 
100 
50 
50 
25 
2.0 
8.0 
5 
-35 
9.90 
9.75 
0.10 
0.25 
30 
50 
75 
75 
= +125, +85°C; 
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_. DISCHARGE = —Vy = 0 V, Voc = 10 V, +Vin-= 48 V, Raia = 390 ka, 
Rosc = 330 kQ, T = +25°C, unless otherwise indicated. | . 


LIMITS 


E SUFFIX 
-40 to +85°C 
MIN MAX 
1.0 
100 
50 
50 
25 
2.0 
8.0 
5 
-35 
9.90 
9.75 
0.10 
0.25 
30 
35 
75 
75 
-55, -40°C 


UNIT 


ns 


ns 


ns 


ns 
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TSC9111 


Timing Waveforms 


Voc 
SHUTDOWN 


Voc 


SHUTDOWN 50% 
0 ta, te s 10 ns 


Voc 


Figure 3 


Typical Characteristics 


+Vin vs. +hn at Startup Output Switching Frequency vs. Oscillator 


Resistance 
1M 


ee 
tt 


foUT 100 K 
(Hz 


+lin (mA) TOS(ON) 


(2) 


Figure 4 and Figure 5 
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Detailed Description __ 
Preregulator/Startup Section 


Due to the low quiescent current requirement of the TSC9110/ 
TSC9111 control circuitry, bias power can be supplied from the 
unregulated input power source, from an external regulated low- 
voltage supply, or from an auxiliary ‘bootstrap’ winding on the 
output inductor or transformer. 


When power is first applied during startup, +Vjixy (pin 2) will 
draw a constant current. The magnitude of this current is deter- 
mined by a high-voltage depletion MOSFET device which is con- 
nected between +Viy and Vcc (pin 6). This startup circuitry 
provides initial power to the IC by charging an external bypass 
Capacitance connected to the Vcc pin. The constant current is 
disabled when Vcc exceeds 8.6 V. If Voc is not forced to 


exceed the 8.6 V threshold, then Vcc will be regulated to a 


nominal value of 8.6 V by the preregulator circuit. 


As the supply voltage rises toward the normal operating condi- 
tions, an internal undervoltage (UV) lockout circuit keeps the out- 
put MOSFET disabled until Voc exceeds the undervoltage 
lockout threshold (typically 8.1 V). This guarantees that the con- 
trol logic will be functioning properly and that sufficient gate drive 
voltage is available before the MOSFET turns ON. The design 
of the IC is such that the undervoltage lockout threshold will not 
exceed the preregulator turn-off voltage. Power dissipation can 


be minimized by providing an external power source to Voc 


such that the constant current source is always disabled. 


NOTE: During startup or when Vcc drops below 8.6 V the 
startup circuit is capable of sourcing up to 20 mA. This may lead 
to a high level of power dissipation in the IC (for a 48 V input, 
approximately 1 W). Excessive startup time can result in device 
damage. See Figure 4 for calculation of power dissipation 
during startup. 


Bias 

To properly set the bias for the TSC9110/TSC9111, a 390 kQ 
resistor should be tied from BIAS (pin 1) to — Vix (pin 5). This 
determines the magnitude of bias current in all of the analog 
sections and the pull-up current for the SHUTDOWN and RESET 
pins. The current flowing in the bias resistor is nominally 15 pA. 


Reference Section | 


The reference section of the TSC9110 consists of a temperature 
compensated buried zener and trimmable divider network. The 


output of the reference section is connected internally to the non- | 


inverting input of the error amplifier. Nominal reference output 
voltage is 4.0 V. The trimming procedure that is used on the 
TSC9110 brings the output of the error amplifier (which is con- 
figured for unity gain during trimming) to within + 1% of 4.0 V. 
This automatically compensates for the input offset voltage in 
the error amplifier. 


The output impedance of the reference section has been purposely 
made high so that a low impedance external voltage source can 
be used to override the internal voltage source, if desired, without 
otherwise altering the performance of the device. 


Applications which use a separate external reference, such as 
non-isolated converter topologies and circuits employing optical 
coupling in the feedback loop, do not require a trimmed voltage 
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reference with 1% accuracy. The TSC9111 accommodates the 
requirements of these applications at a lower cost, by leaving 
the reference voltage untrimmed. The 10% accurate reference 
thus provided is sufficient to establish a DC bias point for the 
error amplifier. 


Error Amplifier 


Closed-loop regulation is provided by the error amplifier, which 
is intended for use with ‘‘around-the-amplifier’’ compensation. 
An MOS differential input stage provides for low input current. 
The non-inverting input to the error amplifier (Vref) is internally 
connected to the output of the reference supply and should be 
bypassed with a small capacitor to ground. 


Oscillator Section 


The oscillator consists of a ring of CMOS inverters, capacitors, 
and a capacitor discharge switch. Frequency is set by an exter- 
nal resistor between the OSC IN and OSC OUT pins. (See Figure 
5 for details of resistor value vs. frequency.) The DISCHARGE 
pin should be tied to — Vix for normal internal oscillator opera- 
tion. A frequency divider in the logic section limits switch duty 
cycle to <50% by locking the switching frequency to one half 
of the oscillator frequency. 


- Remote synchronization pulse into the OSC IN (pin 8) terminal. 


For a 5 V pulse amplitude, typical values would be 1000 pF in 
series with 10 kQ to pin 8. 


SHUTDOWN and RESET 


SHUTDOWN (pin 11) and RESET (pin 12) are intended for over- 
riding the output MOSFET switch via external control logic. The 
two inputs are fed through a latch preceding the output switch. 
Depending on the logic state of RESET, SHUTDOWN can be 
either a latched or unlatched input. The output is OFF whenever 
SHUTDOWN is low. By simultaneously having SHUTDOWN and 
RESET low, the latch is set and SHUTDOWN has no effect until 
RESET goes high. The truth table for these inputs is given in 
Table 1. 


Both pins have internal current source pull-ups and can be left 
disconnected when not in use. An added feature of the current 
sources is the ability to connect a capacitor and an open-collector 
driver to the SHUTDOWN or RESET pins to provide verleble 
shutdown time. 


Table 1: Truth Table for the SHUTDOWN and RESET pins 


SHUTDOWN RESET OUTPUT 


Normal Operation 


Normal Operation 
(No Change) 


OFF (Not Latched) 
OFF (Latched) 


OFF (Latched) (No Change) 


© 1988 


HIGH-VOLTAGE 
SWITCHMODE CONTROLLERS TSC9110 


TSC9111 


Output Switch 


The push-pull driver output has a typical ON resistance of 20 0. 
Maximum switching times are specified at 75 ns for a 500 pF 
load. This is sufficient to directly drive MOSFETs such as the 
2N7004, 2N7005, IRFD120 and IRFD220. Larger devices can be 
driven, but switching times will be longer, resulting in higher swit- 
ching losses. !n order to drive large MOSPOWER devices, it is 
necessary to use an external driver IC, such as the Siliconix 
D469. The D469 can switch very large devices such as the 
SMM20N50 (500 V, 0.3 Q) in approximately 100 ns. 


Applications 


5-Watt Power Supply for Telecom Applications 


OSC SYNC 
(IF NEEDED) 


10 k 


1000 pF 
20 


8 
WF 
FEEDBACK 
7 
4 
1 3 


10 V TO PIN 6 


FEEDBACK 
TO PIN 14 


Burn-In Circuit 


NOTES: 1. R, = 390 kQ, %@ W 
2. Ry =1k2, 2W 
3, Ry =1k2, 2W 


4. R, = 100 0, % W 
5, R, = 330 kQ, % W 
6. C, = 0.1 pF, 50 V 
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Notes 


ENGINEER: co 
PROJECT: DATE: __ 
DESCRIPTION 
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Section 12 
References 


“~~ TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ TS C04 


TSCO05 
LOW-POWER BANDGAP REFERENCE 


FEATURES 


m 50 ppm/°C Temperature Coefficient 

m Wide Operating Current Range 
— 15 vA to 20 mA, TSC04 
— 20 uA to 20 mA, TSCO05 

m@ 1 () Dynamic impedance 

m TO-92 Plastic or TO-52 Hermetic Package 

m 2% Output Tolerance 

m 1.25 V (TSC04) and 2.5 V (TSC05) Output Voltage 
Option 


INTERFACE 
ADAPTER 
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TSC04 
TSCO5 


GENERAL DESCRIPTION 


The TSC04 (1.25 V Output) and TSC05 (2.5 V 
Output) bipolar two terminal band-gap voltage refer- 
ences offer precision performance without a premium 
price. The TSC04/05 do not use thin film resistors. This 
greatly lowers manufacturing complexity and cost. 

A 50 ppm/°C output temperature coefficient 
and 15 yA to 20 mA operating current range make the 
devices attractive multimeter, data acquisition converter, 
and telecommunication voltage references. 


Applications 

m ADC and DAC Reference 
m Current Source Generation 
m Threshold Detectors 

m Power Supplies 

m Multimeters 


_. Ordering Information 


Voltage 


1.25 V 
1.25 V 
2.5 V 
25 V 
1.25 V 
1.25 V 
2.5 V 
2.5 V 


Max 


Temperature 7 


Coefficient 


50 ppm/°C.. 


100 ppm/°C 
50 ppm/°C 
100 ppm/°C 


50 ppm/°C_ 


100 ppm/°C 
50 ppm/°C 


100 ppm/°C 


LOW-POWER BANDGAP REFERENCE 


Temperature Range 


_ 55°C to +125°C 


(TO-52 
Package) 


TSCO4AM 
TSCO4BM 
TSCO5AM 
TSCO5BM 


0°C to 70°C 
(TO-92 
Package) 


TSCO4AU 
TSCO4BJ 
TSCOSAJ 
TSCO5BJ 

TSCO4ACOA 

TSCO4BCOA 

TSCOSACOA 

TSCO5BCOA 


Pin Configuration 


oa) 
TSC04 - 1.25 V + 
TSCO5 - 2.5 V 


TO -92 
PLASTIC PACKAGE 
(BOTTOM VIEW) 


TO -52 
HERMETIC PACKAGE 
(BOTTOM VIEW) 
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PRODUCT INFORMATION 


Absolute Maximum Ratings 


Forward Current ........ 0... ccc cece cece eee eee ees 10 mA 
ature 
Reverse Current ...... 0.0... ccc ccc ccc cece eee canes 30 mA 


Storage Temperature 
Operating Temperature 
TO-92 Package 
TO-52 Package 


eevee seer eee ee see eee ewe 


eeeeoeree ees eevee eee eee eee 


TSC04 
TSC05 


Lead Temperature, Soldering (10 Seconds) 
TO+92 DaCkage:3:45-42as ss sae oases eee ck oes 260°C 
TOW52 PaCkaGe: «2 vsaos0s cae de dds tet averse 300°C 
Power DISSIDALION “.. cnswledisa wuiese eats ieee Limited by 
Forward/Reverse Current 


TSCO4 Electrical Characteristics: 1, = 25°C unless otherwise specified 


TSCO4A TSCO04B 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 
Reverse 
1 Byr Breakdown IR = 100 vA 1.24 1.26 1.28 1.24 1.26 1.28 V 
oO Voltage 
: 9 AB Reverse Breakdown 15 yA<IRp<20mA _ 10 20 — 10 20 mv. 
p VR Voltage Change 20uA<Ip< 1mA = 25 1 — 25 1 
U A Byr Temperature - 7, _ of /0 
T 3 a Coefficient IR = 100 vA 0.003 0.005 0.003 0.01 %/°C 
4 IR Reverse Current 0.015 — 20 0.015 — 20 mA 
TSCO05 Electrical Characteristics: 1, = 25°C unless otherwise specified 
A 
TSCO5A TSC05B 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 
Reverse 
1 Byr Breakdown IR = 100 vA 2.45 2.50 2.60 2.45 2.50 2.60 V 
O Voltage 
= 2 AB Reverse Breakdown 20uA<IRp<20mA — 10 20 — 10 20 
p VR Voltage Change 25 uA<In< 1mA — 25 1 — 25 1 
U A Byr Temperature 7 é 
T 3 AT Goetiicient IR = 100 vA — 0.003 0.005 — 0.003 0.01 %/°C 
4 IR Reverse Current 0.020 — 20 0.020 — 20 mA 


Voltage Reference Circuits for System Data Converters 


vt 
y /INN 
TSC7109 


FANN 
TSCO5 


VREF REF IN+ 


25V 
REFERENCE 


i 
TSC800 


ANALOG 
COMMON 


ANALOG GROUND 


i" 
a TSC8705** 
7 Tsc04* 


TSCO5* 
Vss 


25 kQ 


** ALSO SUITABLE FOR TSC8700 - TSC8704 
ANALOG GROUND 


2 VEULL-SCALE = 409.6 mV, USE TSCO4 


VFULL-SCALE = 4.096 V, USE TSCO5 
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TSC04 
TSCO05 


Typical Characteristic Curves 


REVERSE CURRENT (uA) 


VOLTAGE (V) 


REVERSE CURRENT (uA) 
3 


TSC04 
Output Voltage vs | 
Reverse Current 


1000 


ON 
TSC04 
n 'Ty = 28° 


OUTPUT VOLTAGE (V) 


TSCO05 
Output Voltage vs 
Reverse Current 


1000 


OP 1sc05 
Tp = 25°C 


OUTPUT vo LTAGE (V) 


TSC04 
Response Time 


Mywe TSC04 


TIME (uSEC) 


OUTPUT VOLTAGE CHANGE (mV) 


VOLTAGE (V) 


OUTPUT VOLTAGE CHANGE (mV) 


LOW-POWER BANDGAP REFERENCE 


TSC04 
Output Voltage 
Change vs Reverse 
Current 


_ 
o 


Vill 
Tn TI AT 
iit] LI TU 


0.01 0.1 100 
REVERSE Bee aes 


TSC05 | 
Output Voltage 
Change vs Reverse 
Current 


se 


Ty BO A 


LLU ef CC 


REVERE or ahen Bs 


TSCO05 
Response Time 


Ae TSC 
Tp = 25°C 
eu Ez [| z ie 
ae ¢ ia i Ras 


400 600 
TIME ae 
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oO 


[=] 


w& 


TSC04 
Forward Voltage 
vs Forward Current 


a eT 
5 a MET 
aA 
BA EU 


FORWARD CURRENT (mA) 


FORWARD VOLTAGE (V) 


TSCO5 
Forward Voltage 
vs Forward Current 


tt anil 


ov a 
CET 


0.01 0.1 1 100 
FORWARD CURRENT faa 


FORWARD VOLTAGE (V) 


Response Time 
Test Circuit 


OUTPUT 


36 k 
INPUT 


tas 
TSCO4 
TSCO5 


PRODUCT INFORMATION 


Typical Applications 


10 Volt Reference 


O Vout = 10V 


Package Outline 


TO - 52 (2 PIN) 


.048 (1.22) 
.028 (0.71) 


.230 (5.84) .195 (4.95) 


.209 (5.31) .178 (4.52) 


wens 
a8 
> 


.046 (1.17) 
036 (0.91) 


019 (0.48) pn | 


.016 (0.41) 


BOTTOM VIEW 
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Chip Pad Layout 


TSC04 
TSC05 


Battery Powered 1.25 V Reference 


TO-92 (2 PIN) 


.210 (5.33) 
.170 (4.32) 


.205 (5.21) 
.175 (4.45) 


.019 (0.48) 
.016 (0.41) ue 


BOTTOM VIEW 


Notes 


ENGINEER: ____ = 
PROJECT: ron 


DESCRIPTION 


97° TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ 


TSC9491 
1.22 V BANDGAP REFERENCE 


FEATURES 

m Guaranteed Temperature Coefficient: 50 or 
100 ppm/°C 

m Low Bias Current: 50 vA 

m Low Breakdown Voltage: 1.22 V 

m Low Dynamic Impedance 2 ( Max. 

m TO-18 or TO-92 Package 

m@ Low Cost 


Us =e Gue 
2 


IREF a Vo ~ Ver 
R, 


A, = 2: Ra 
R» + R3 
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TSC9491 


GENERAL DESCRIPTION 


The TSC9491 is a 1.22 V temperature compen- 
sated voltage reference. It uses the band-gap principal 
to achieve extremely tight regulation over a wide range 
of operating currents. The use of thin film resistors 
assures long term stability and low noise. 


Applications 


m Reference for A/D and D/A Converters 
Threshold Detectors = 

Voltage Regulators 

VOM and VTVM's 

Amplifier Biasing 

Battery Operated Equipment 


1.22 V BANDGAP REFERENCE 


- Ordering Information 


Temperature Range 


-55°C to 125°C —-:O°C: to 70°C 
Temp. Coeff. (TO-18) (TO-92) 
50 ppm/°C | TSC9491AM TSC9491AJ 
100 ppm/°C TSC9491BM TSC9491BJ 


Connection Diagram 


Bottom Views 
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PRODUCT INFORMATION 


TSC9491 


Absolute Maximum Ratings 


“SECTS + T25"C 
Limited by max forward/reverse current 


Lead Temperature 
(Soldering, 10 seconds) 300°C 260°C 


Electrical Characteristics (1, = 25°C unless otherwise noted) 


Reverse Breakdown 
a as uae i : ene 
Reverse Breakdown 
Voltage Change A 


Temp. Coefficient 
‘TSC9491B. 


TSC9491A 003 
[aati fie POM] = PRR 


Packaging Information 


TO-18 TO-92 
(2 PIN) (2 PIN) 


150 (3.81) om 210 (5.33) 
115 (2.92) MIN. 170 (4.32) 


0 
2 Oe DS } 
¢ re \ 
195 (4.95) 100 : 205 (5.21) .105 (2.67) 
178 (4.52) ; , Pe AES AS) 095 (2.41) 
- : . Se | c 


019 (0.48) 
‘16 (0.41) D'* ee ee) DIA. a0 Ae 
.016 (0.41) : : . 


165 (4.19) 
125 (3.18) 
BOTTOM VIEW 
BOTTOM VIEW 


All dimensions in inches (millimeters) 
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Notes 


ENGINEER: ____ sae 


PROJECT: DATE: — 


DESCRIPTION 


9° TELEDYNE  _— 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC9495 
+5 V BAND GAP VOLTAGE REFERENCE 


FEATURES 

Excellent Temperature Stability: 20 ppm/°C 
Tight Output Tolerance: 1% 
Adjustable Output 

Input Voltage Range: 7 V to 30 V 
Low Noise: 15 uVp_p Max. 

10 mA Output Current 

Short Circuit Proof 

Low Power: 1.4 mA 

Temperature Output 

Replaces REF-02 


SCHEMATIC DIAGRAM 
2 ae 
— ‘K 


O 4 
GROUND 
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+5 V BAND GAP VOLTAGE REFERENCE 


TSC9495 


GENERAL DESCRIPTION 


The TSC9495, Precision Voltage Reference, 
uses the band gap principle to generate an extremely 


stable 5 volt reference. Included in the TSC9495 are a 


band gap reference, an output amplifier and a voltage 
which varies linearily with temperature. The reference 
is ideal because of its low cost, low output noise and 
low power requirement. The TSC9495 is exceptionally 
stable over wide variations in temperature, line voltage 
and load current. The reference operates on a single 
supply with voltages of 7 volts to 30 volts. — 

The TSC9495 is available with an initial accu- 
racy of +1%. An external potentiometer can be used to 
vary the output voltage +6% with little effect on the 
temperature coefficient. The potentiometer can also be 
used to adjust the voltage for binary applications such 
@ 312 volts. | 

Pin 3 of the TSC9495 has available a voltage 
which varies linearily with temperature. The typical 
change is 2.1 mV/°C. By using a buffer amplifier, the 
output voltage can be scaled to the desired resolution 

and range. | 


Applications 


m A/D Reference 

m D/A Reference 

m@ Current Source 

m Transducer Reference 
m Calibration Standard 
m@ Thermometer 


Ordering Information 


_ Max. Initial Temp. Max. Temp 

Part No. Package Voltage Accuracy Range Coefficient 
8-Pin 

TSC9495CJ 30V 1.0% 0-70°C 65 ppm 


Mini-Dip_ 


Pin Configuration 


8 Pin Plastic 
Mini Dip 
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PRODUCT INFORMATION 


Absolute Maximum Ratings 


INDUL VONAGE. dé @ eaeeawin noe eee wees 
Power Dissipation .........cceee0008 


Derating: Mini Dip, above 30°C ambient 


TSC9495 


acaipere % 30 V Operating Temperature .........222+- O°C to 70°C 
500 mW Storage Temperature .......cee eee -65°C to +150°C 
5.6mW/°C Lead Temperature (Soldering, 60 sec.) ........ . 300°C 


Electrical Characteristics: These specifications apply for Viy = +15 V, Ta = 25°C, unless otherwise noted. 


TSC9495CJ 
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNITS 
Output Voltage Vo IL =OmA 4.950 5.000 5.050 V 
Output Adjustment Range AV trim Rp = 10 kQ +2.7 +6.0 - % 
Output Voltage Noise Cnp-p 0.1 Hz to 10 Hz - 12 18 uVp-p 
Input Voltage Range Vin Fé 7 30 V 
Line Regulation (Note 1) Vin = 8 to 30 V - 0.009 0.015 5/V 
Load Regulation (Note 1) | =Oto8mA - 0.006 0.015 %/MA 
Load Regulation (Note 1) | =Oto4mA - - - %/mMA 
Turn-on-Settling Time ton To +0.1% of final value - 5.0 - usec 
Quiescent Supply Current Isy No Load - 1.0 1.6 mA 
Load Current I 8 21 - mA 
Sink Current Is | -0.2 -0.5 - mA 
Short Circuit Current Isc Vo=0 = 30 - mA 
Temp Voltage Output Vr (Note 2) - 630 - mV 
The following specifications apply for Viy = =15 V, 0°C < Ta < = 70°C and I, = OmA, unless otherwise noted. 
Output Voltage Change 
with Temperature AVot (Note 3) - 0.14 0.45 % 
Output Voltage 
Temperature Coefficient TCVo (Note 4) - 20 65 ppm/°C 
Change in Vo Temperature 
Coefficient with Output 
Adjustment Rp = 10 kO - 0.7 - ppm/% 
Line Regulation (Note 1) Vin =8 to 30 V - 0.011 0.018 %/V 
Load Regulation (Note 1) l =OtoS5mA - 0.008 0.018 %/mA 
Temp Voltage Output 
Temperature Coefficient TCVr (Note 2) - 2.1 - mvV/°C 


Notes: 

1. Line and Load Regulation specifications include the effects of self heating. 
2. Limit current in or out of pin 3 to 50 nA and capacitance on pin 3 to 30 pF. 
3. AVot is defined as the absolute difference between the maximum output 

voltage and the minimum output voltage over the specified temperature 
range expressed as a percentage of 5v: 


—s 


ze V V 
DVep = MA ME. x 100 
5V 
4. TCVo is defined as AVotT divided by the temperature range, i.e. 
AV 
TCVp = —— 
70°C 
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+5 V BAND GAP VOLTAGE REFERENCE 


TSC9495 


Output Adjustment 


The output voltage of the TSC9495 can easily be adjusted by 
connecting a potentiometer to pin 5 as shown in the adjacent 
figure. Changing the output voltage does affect the overall 
temperature coefficient, however, this effect is small being 
' typically only 0.7 ppm/°C per 100 mV of adjustment. 


VTemp ~ 2.1 mV/Oc¢ 


8-Pin Plastic Dip» 
(Package #4) 


. 


5 6 7 
.280 (7.11) 
.400 (10, 16) 
30 ig-40) 020 .220 (5.59) 
AX. 


SEATING 


PLANE 
310 (7.87) 
_ .290 (7.37) 


.079 (1.78) | .110 (2.79) 
‘030 (0.76) >” | ‘090 (2.29) — | eq 1015 (0.38) 
eee | ree ‘008 (0.20) 


.020 (0.51) 
-016 (0.41) 
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“9 TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC9496 


+10 V BAND GAP 
VOLTAGE REFERENCE 


FEATURES 


Excellent Temperature Stability: 20 ppm/°C 
Tight Output Tolerance: 1% 

Adjustable Output 

Input Voltage Range: 12 V to 30 V 

Low Noise: 30 uVp_p Max. 

10 mA Output Current 

Short Circuit Proof 

Low Power: 1.4 mA 

Replaces REF-01 


SCHEMATIC DIAGRAM 
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TSC9496 


GENERAL DESCRIPTION 


The TSC9496, Precision Voltage Reference, 
uses the band gap principle to generate an extremely 
stable 10 volt reference. Included in the TSC9496 area 
band gap reference, and an output amplifier, which 
delivers 10 mA of output current. The reference is ideal 
because of its low cost, low output noise and low power 
requirement. The TSC9496 is exceptionally stable over 
wide variations in temperature, line voltage and load 
current. The reference operates ona single supply with 
voltages of 12 volts to 30 volts. 

The 9496 is available with an initial accuracy of 


+7*%. An external potentiometer can be used to vary the . 


output voltage +3% with little effect on the temperature 
coefficient. The potentiometer can also be used to 
adjust the voltage for binary applications such as 10.24 
volts. 


Applications 


m A/D Reference 

m D/A Reference 

m@ Current Source 

m Transducer Reference 
m Calibration Standard 


#10 V BAND GAP 
_ VOLTAGE REFERENCE 


Ordering Information 


* _ Max. Initial Temp. Max. Temp 
Part No. Package Voltage Accuracy Range Coefficient 
tscoagecu SPIN = any 4.0% += 0-70°C.~Ss«a5 ppm 


Mini-Dip 


Pin Configuration te 


8 Pin Plastic 


Mini Dip 


Output Adjustment 


The output voltage of the TSC9496 can easily 
be adjusted by connecting a potentiometer to pin 5 as 
shown inthe figure below. Changing the output voltage 
does affect the overall temperature coefficient, however, 
this effect is small being typically only 0.7 ppm/°C per 
100 mV of adjustment. 
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PRODUCT INFORMATION 


TSC9496 


Absolute Maximum Ratings 


[DUE VONAGC ss. ncwaw-baree ace ew ae eerie ea aets 30 V Operating Temperature ........0eee00% 0°C to 70°C 
Power DISSipation . 24-44 4466643 ea Ow otc 500 mW Storage Temperature ......2eee00e -65°C to +150°C 
Derating: Mini Dip, above 30°C ambient ..... 5.6mW/°C Lead Temperature (Soldering, 60 sec.) ......... 300°C 


Electrical Characteristics: these specifications apply for Viy = +15 V, Ta = 25°C, unless otherwise noted. 


TSC9496CJ 
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNITS 
Output Voltage Vo l, =OmA 9.90 10.000 10.10 V 
Output Adjustment Range AVtrim Rp = 10 ka +2.7 +3.3 - % 
Output Voltage Noise Enp-p 0.1 Hz to 10 Hz - 25 35 uVp-p 
Input Voltage Range Vin 12 - 30 V 
Line Regulation (Note 1) Vin = 13 to 30 V - 0.009 0.015 %/VV 
Load Regulation (Note 1) lL=Oto8mA - 0.006 0.015 %/mA 


Load Regulation (Note 1) 1 =Oto4mA - 0.006 0.015 %/mA 
Turn-on-Settling Time ton To +0.1% of final value - 5.0 - usec 
Quiescent Supply Current Isy No Load - 1.0 1.6 mA 
Load Current I 8 21 - mA 
Sink Current Is -0.2 -0.5 - mA 
Short Circuit Current Isc Vo =0 - 30 - mA 


The following specifications apply for Vij = +15 V, 0°C <T, < + 70°C, unless otherwise noted. 


Output Voltage Change 
with Temperature AVor (Note 3) - 0.14 0.45 % 


Output Voltage 
Temperature Coefficient TCVo (Note 2) - 20 65 ppm/°C 


Change in Vo Temperature 
Coefficient with Output 
Adjustment Rp = 10 kO - 0.7 - ppm/% 


Line Regulation (Note 1) Vin = 13 to 30 V - 0.011 0.018 %/V 
Load Regulation (Note 1) , =Oto5mA - 0.008 0.018 %/MA 


Notes: 
1. Line and Load Regulation specifications include the effects of self heating. 
2. TCVo is defined as AVo7 divided by the temperature range, i.e. 


A 
70°C 
3. AVot is defined as the absolute difference between the maximum output 
voltage and minimum output voltage over the specified temperature range 
expressed as a percentage of 10V: 


AVoq = SMAX-VMIN 
10V 


x 100 
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Notes 


ENGINEER: _ = 
PROJECT: ties 


DESCRIPTION ___ 


TELEDYNE 
SEMICONDUCTOR 


REF-01 


+10V PRECISION 
VOLTAGE REFERENCE 


Features 
MD 10V OUDUL cic cei eee eaeiweexn coors +0.3% Max. 
M@ Adjustment Range .................2000- +3% Min. 


@ Low Suppy Current ............00ceees 1.4mA Max. 
M@ No External Components | 

@ Short Circuit Proof 

@ Laser-Trimmed to High Accuracies 

@ Output Sources or Sinks Current 


Applications 

@ Precision Regulators 

@ A/D and D/A Converters 
@ Constant Current Sources 
@ V to F Converters 


General Description Functional Diagram 


The REF-01 is a 10V precision bandgap voltage reference which 
provides a stable output voltage over a wide range of operating 
conditions, i.e. input voltage, output current, ambient temperature, 
etc. The output voltage can be adjusted over a 3% range. The 
device can also be stacked to provide higher value voltage 
references, such as 20, 30, 100V, etc., as long as the total 
available output current is not exceeded. REF-01 is available in 
commercial and military temperature ranges. 


Ordering Information‘ 


Package 


Ta =25°C Hermetic Plastic Plastic Oper. 
AVos Max  To-99 DIP DIP SOIC Temp. 
(mV) 8-pin 8-pin 8-pin 8-pin LCC Range 
+ 30 REFO1AJ2 REFO1AZ? MIL 
+ 30 REFOIEJ REFOIEZ COM 
+ 50 REFOW2 REFOIZ2 REFO1RC/883_ MIL 
+ 50 REFO1HJ REFO1HZ REFOIHP REFOIHS COM 
+ 100 REFO1CJ REFOICZ REFOICP REFOICS COM 
Notes: ‘All commercial and industrial temperature range parts are available with 
burn-in. 


2For devices processed in total compliance to MIL-STD-883, add/883 after 
part number. Consult factory for 883 data sheet. 
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+10V PRECISION VOLTAGE REFERENCE 
REF-01 ee ee 


Pin Configuration 


EPOXY MINI DIP 
(P-Suffix) 
8-PIN HERMETIC DIP 
(Z-Suffix) 
8-PIN PLASTIC SOIC 
_ (S-Suffix) 


4 
GROUND 
(CASE) 


TO-99 
(J-Suffix) 


REF-01RC/883 
Lec 
(RC-Suffix) 


Absolute Maximum Ratings‘ — DICE Junction Temperature (T)) 
Lead Temperature (Soldering, 60 sec.) 


Input Voltage 


REF-01, A, E, H, RC, All DICE...............0..... 40V Notes: ‘Absolute maximum ratings apply to both packaged parts and DICE, 
PREP OVC ois i tint rats witite.s ag eat dard eneea wis aeeom ne Bs 30V unless otherwise noted. _ : fey 
- Power Dissipation? 500mW 2See table for maximum ambient temperature rating and derating factor. 


Output Short-Circuit Duration 


(to Ground or Viy) .. 0.6 ee Indefinite MAXIMUM AMBIENT _DERATE ABOVE 
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- Storage Temperature Range PACKAGE TYPE — TEMPERATURE. MAXIMUM AMBIENT 
J, RC, and Z Packages.............. -65°C to +125°C | FOR RATING TEMPERATURE 
P Package ........... 0... cece eee -65°C to +125°C TO-99 (J) 80°C 7.1mW/°C 
Operating Temperature Range 8-Pin Hermetic DIP (2) 75°C 6.7mW/°C 
REF-01A, REF-01, REF-O1RC......... -55°C to +125°C &-Pin Plastic DIP (P) 36°C 5.6mWi/°C 
REF-O1E, REF-O1H, REF-O1C............ Orc to +70°C WOU RO) ati eailalai 
Electrical Characteristics: Vv, = +15V, T, = 25°C, unless otherwise indicated. 
| ‘REF-01A/E REF-01/H 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vo Output Voltage i =0 9.97 10.00 10.03 9.95 . 10.00 10.05 V 
AV trim Output Adjustment Range Rp = 10k0 +3.0 +3.3 +3.0 +3.3 % 
Cnp-p Output Voltage Noise 0.1Hz to 10Hz (Note 6) 20 30 20 30 Wp» 
Line Regulation (Note 4) Vin = 13V to 33V 0.006 0.010 0.006 0.010 %/V 
Load Regulation (Note 4) 1. =0 to 10mA 0.005 0.008 _ 0.006 0.010 %/mA 
ton Turn-on Setting Time To + 0.1% of final value 5 5 ps 
Isy Quiescent Supply Current No Load 1.0 1.4 1.0 1.4 mA 
I Load Current 10 21 10 21 mA 
Is Sink Current -5 -10 -5 -10 mA 
Isc Short-Circuit Current Vo=0 30 30. mA 


NEW PRODUCT INFORMATION 
REF-01 


Electrical Characteristics: Vy = +15V, -55°C <T, <+125°C and |, = OmA, unless otherwise indicated. 


REF-O1A/E REF-01/H 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
AVor Output Voltage Change with 0°C <T, < +70°C 0.02 0.06 0.07 0.17 % 
Temperature (Notes 1, 2) -55°C <T, < +125°C 0.06 0.15 0.18 0.45 
Output Voltage Temperature 2 
TCV Coefficient (Note 3) 3.0 8.5 10.0 250 ppm/°C 
Change in Vo Temperature Ef | 0 
Coefficient with Output Adjustment poe a ae PRmmi70 
Line Regulation 0°C <T, = +70°C 0.007 0.012 0.007 0.012 O%/V 
(Vin =13V to 33V) (Note 4) ~55°C <T, < +125°C 0.009 0.015 0.009 0.015 
Load Regulation 0°C <T,=+70°C 0.006 0.010 0.007 0.012 IV 
(|, =0 to 8mA) (Note 4) ~55°C <T, = +125°C 0.007 0.012 0.009 0.015 


Notes: 1. AV >, is defined as the absolute difference between the maximum 


AVorz (0° to +70°C) 
output voltage and the minimum output voltage over the specified aT a 


TCV (0° to +70°C) = 


temperature range expressed as a percentage of 10V: 70°C 
; am _ AVor (-55° to +125°C) 
AVor= Vmax —V Min x 100 and TCV, (-55° to +125°C) = ane Saar 
10V 


4. Line and Load Regulation specifications include the effect of self-heating. 
5. Guaranteed by design. 
6. Sample tested. 


2. AVoy specification applies trimmed to +10.000V or untrimmed. 
3. TCV, is defined as AVo, divided by the temperature range, i.e., 


Electrical Characteristics: V, = +15V, T, = 25°C, unless otherwise indicated. 


REF-01C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Vo Output Voltage IL = OMA 9.90 10.00 10.10 V 
AVerim Output Adjustment Range Rp =10kQ +2.7 +3.3 % 
Cnp-p Output Voltage Noise 0.1Hz to 10Hz (Note 6) 25 35 LV o.p 
Line Regulation (Note 4) Vin =13V to 30V 0.009 0.015 %/V 
lL = 0 to 8mA 0.006 0.015 5 
Load Regulation (Note 4) I = 0 to 4mV 0.006 0.015 Yol MA 
ton Turn-on Setting Time To +0.1% of final value 5 us 
Isy Quiescent Supply Current No Load 1.0 1.6 mA 
I Load Current 8 21 mA 
Is Sink Current -5 -10 mA 
Isc Short-Circuit Current Vo= 30 mA 
Electrical Characteristics: V,, = +15V, 0°C<T,<+70°C, unless otherwise indicated. 
REF-01C 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
Output Voltage Change with 
AVor Tenpercilic g (Notes 1 and 2) 0.14 0.45 % 
Output Voltage Temperature 
ie Coefficient (Note 3) 20 65 ppm/°C 
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+10V PRECISION VOLTAGE REFERENCE 
REF-01 


Electrical Characteristics (cont.): Vi, = +15V, 0°C<T,<+70°C, unless otherwise indicated. 


: REF-01C , . 
SYMBOL PARAMETER # CONDITIONS MIN TYP MAX UNITS 
Change in Vo Temperature 
Coefficient with Output Adjustment Rp =10ka 07 ppm/% 
Line Regulation (Note 4) Vin =13V to 30V : | 0.011 0.018 %IN 
Load Regulation (Note 4) IL. =0 to5mA - 0.008 0.018 %/mMA 
Notes: 1. AVo, is defined as the absolute difference between the maximum 3. TCVo is defined as AVo, divided by the temperature range, i.e., 
output voltage and the minimum output voltage over the specified AV 
temperature range expressed as a percentage of 10V: TCV = ae 
AVor = Vax ~ Vin x 100 — 4. .Line and Load Regulation specifications include the effect of self-heating. 
10V . 5. Guaranteed by design. 
2. AVor specification applies trimmed to +10.000V or untrimmed. 6. Sample tested. 
Output Adjustment | Burn-in Circuit 


Vin 


 REF-01 


The REF-01 trim terminal can be used to adjust the output voltage Adjustment of the output does not significantly affect the 
over a 10V +300mvV range. This feature allows the system temperature performance of the device. The temperature coef- 
designer to trim system errors by setting the reference to a ficient change is approximately 0.7 ppm/°C for 100mvV of output 
voltage other than 10V. Of course, the output can also be set adjustment. 


to exactly 10.000V, or to 10.240V for binary applications. 
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NEW PRODUCT INFORMATION 
REF-01 


Bonding Diagram 


2. Vin 
4. GND 

5. TRIM 
6. Vout" 


*The two bonding pads are connected to pin 6. 


DIE SIZE 0.067 x 0.05 inch, 3550 sq. mils 
(1.702 x 1.27mm, 2.16 sq. mm) 


Reference Stack with Excellent Line Regulation 


Three REF-O1s can be stacked to yield 10.000, 20.000, and 
30.000V outputs. An additional advantage is near-perfect line 
regulation of the 10.0V and 20.0V output. A 32V to 60V input 
change produces an output change which is less than the noise 
voltage of the devices. A load bypass resistor (Rs) provides a 
path for the supply current (Igy) of the 20.000V regulator. 


In general, any number of REF-O1s can be stacked this way. For 
example, ten devices will yield outputs of 10, 20, 30. . .100V. The 
line voltage can range from 105V to 130V. However, care must 
be taken to ensure that the total load currents do not exceed the 
maximum usable current (typically 21mA). 
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Notes 


ENGINEER: — | 
PROJECT: sid 


DESCRIPTION | 


TELEDYNE 
SEMICONDUCTOR 


REF-02 


+5V PRECISION VOLTAGE 
REFERENCE/TEMPERATURE TRANSDUCER 


Features 

SV Output sae ccc ileen sca Shi tcen cs +0.3% Max. 
M@ Temperature Voltage Output ............... 2.1mV/°C 
@ Adjustment Range ................000eee +3% Min. 
M@ Low Suppy Current .................... 1.4mA Max. 
@ High-Load Driving Capability ................. 20mA 


@ No External Components 

@ Short Circuit Proof 

@ Laser-Trimmed to High Accuracies 
@ Output Sources or Sinks Current 


Applications 


@ Precision Regulators 

@ Temperature Controllers 
@ A/D and D/A Converters 
@ Constant Current Sources 
@ V to F Converters 


General Description 


The REF-02 is a 5V precision bandgap voltage reference which Functional Diagram 
provides a stable output voltage over a wide range of operating 
conditions, i.e. input voltage, output current, ambient temperature, 
etc. The output voltage can be adjusted over a +6% range. REF-02 
also provides an output which varies linearly with temperature. 
Hence, the device can also be used in temperature controller appli- 
cations. These devices can also be stacked to provide higher value 
voltage references, such as 25, 40, 100V, etc., as long as the total 
available output current is not exceeded. REF-02 is available in com- 
mercial and military temperature ranges. 


Ordering Information’ 


Package 

Ta =25°C Hermetic Plastic Plastic Oper. 
AVos Max To-99 DIP DIP SOIC Temp. 

(mV) 8-pin 8-pin 8-pin 8-pin LCC Range 
+ 15 REFO2AJ2 REFO2AZ2 MIL 
+ 15 REFO2EJ REFO2EZ COM 
+ 25 REFO2J2 REFO2Z2 REFO2RC/883 MIL 
+ 25 REFO2HJ REFO2HZ REFO2HP REFO2HS COM 
+ 50 REFO2CJ REFO2CZ REFO2CP REFO2CS COM 
+100 REFO2DJ REFO2DZ REFO2DP REFO2DS COM 


Notes: ‘All commercial and industrial temperature range parts are available with 
burn-in. 
2For devices processed in total compliance to MIL-STD-883, add/883 after 
part number. Consult factory for 883 data sheet. 
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+5V PRECISION VOLTAGE 
REFERENCE/TEMPERATURE TRANSDUCER 


REF-02 


Pin Configuration 


EPOXY MINI DIP 
(P-Suffix) 


CASE 7 262  8-PIN HERMETIC DIP 
REF-01RC/883 —- (Z-Suffix) 


4 
GROUND 


cas bcc 8-PIN PLASTIC SOIC 
(RC-Suffix) | | - (S-Suffix) 


Absolute Maximum Ratings! | | DICE Junction Temperature (t) ate ase -65°C to + 150°C 


Input Voltage Lead Temperature (Soldering, 60 SOG) oo auras Seem ere 300°C 
BEE Pees nicl DIC Er athesis ean esgengt oY Notes: ‘Absolute maximum ratings apply to both Packaged Paes and DICE, 
REP O26 ID! boise s dae ou SU er eas eve RBG aes ot 30V . 

Bete edge yg te Pe ay Be eS unless otherwise noted. 

ego pire ape D he r ee Sat aa RE cele Rg re ae omy 2See table for maximum ambient temperature rating and derating factor. 
utpu ie) Ircul ura en. ; . . ; ; 

(to Ground or Vin) ........... Shey tee get aeenete Indefinite NBL EGA GOL 

Storage Temperature Range Pitta Ge ig 

_ PACKAGE TYPE TEMPERATURE MAXIMUM AMBIENT 
= pels 2 PACKAQES «wow eens eee = pes he | - FOR RATING TEMPERATURE _ 

Operating Temperature Range t—~*” 70-99 (J) - g0°C — 7AmWIeG 
"REF-02A, REF-02, REF_O2RC -55°C to +125°C en Heine OI) tie ae 
REF-O2E,REF-02H ................. 0°C to +70°C tec) 72°0 7 amW/°C 
REF-02C, REF-02D ....................08C to +70°C a eae Gel 3 aces 


Electrical Characteristics: V, = +15V, Ta = 25°C, unless otherwise indicated. 


. oe REF-02A/E REF-02/H - 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN - TYP MAX UNITS 
Vo Output Voltage . l_ = 0 4.985 5.000 5.015 4.975 5.000 5.025 V 
AV Output Adjustment Range Ry = 10k +3 +6 +3 “+6 — % 
@npp _-—« Output Voltage Noise 0.1Hz to 10Hz (Note 7) — 10 15 _ 10 15 WN 

Line Regulation (Note 4) Vin = 8V to 33V 0.006 0.010 0.006 0.010 %/V 
Load Regulation (Note 1) |, =0 to 10mA | 0.005 0.010 = . 0.006 0.010  %/mA 
ton Turn-on Setting Time To 40.1% of final value 5 | 5 . us 
fe Quiescent Supply Current No Load 1.0 1.4 ~ . F000~«*‘~S4 mA . 
I Load Current | 10 21 « HO? 2784 4 mA 
lg Sink Current | -5 -10 5 A0 © mA 
Isc Short-Circuit Current Vo=0 30 . 30 mA 
Vr Temperature Voltage Output (Note 3) 630 ; 630 | mV 


12-28 


NEW PRODUCT INFORMATION 
REF-02 


Electrical Characteristics: Vy, = +15V, -55°C <T, < +125°C for REF-O2A and REF-02, 0°C<T,< +70°C for 
REF-02E and REF-02H, |, = OmA, unless otherwise indicated. 


REF-02A/E REF-02/H 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
AVor Output Voltage Change with 0°C <T, =< +70°C 0.02 0.06 0.07 0.17 % 
Temperature (Notes 1, 2) -55°C <T, < +125°C 0.06 0.15 0.18 0.45 
Output Voltage Temperature 6 
TCVo Coefficient (Note 3) 3.0 8.5 10 25 ppm/°C 
Change in Vo Temperature _ 0 
Coefficient with Output Adjustment Ape OF a pemive 
Line Regulation 0°C <T,=+70°C 0.007 0.012 0.007 0.012 IV 
(Vin =8V to 33V) (Note 4) —55°C <T, = +125°C 0.009 0.015 0.009 0.015 
Load Regulation 0°C <T, = +70°C 0.006 0.010 0.007 0.012 IV 
(I, =O to 8mA) (Note 4) -55°C <T, < +125°C 0.007 0.012 0.009 0.015 
Temperature Voltage Output . ° 
TON Temperature Coefficient Note) a eh as 
Notes: 1. AVo, is defined as the absolute difference between the maximum 3. TCV, is defined as AV>, divided by the temperature range, i.e., 
output voltage and the minimum output voltage over the specified AV 
temperature range expressed as a percentage of 5V: TCV> = aoe 
AV ar = Vinax —Y Min x 100 Line and Load Regulation specifications include the effect of self-heating. 
ie rv Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30 pF. 


Guaranteed by design. 
Sample tested. 


NOD 


2. AVorz specification applies trimmed to +5.000V or untrimmed. 


Electrical Characteristics: V,y\ = +15V, T, = 25°C, unless otherwise indicated. 


REF-02A/E REF-02/H 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
Vo Output Voltage I, = OmA 4.950 ; 5000 5050 4900 5000 5.100 V 
AVerim Output Adjustment Range Rp =10kQ +2.7 +6.0 +2.0 +60 % 
C@np-p Output Voltage Noise 0.1Hz to 10Hz (Note 7) 12 18 12 WV 5p 
Line Regulation (Note 4) Vin =8V to 30V 0.009 0.015 0.010 0.04 %/V 
Load Regulation (Note 1) i 7 p a | anes De 0015 0.04 %IMA 
ton Turn-on Setting Time To +0.1% of final value 5 5 us 
Igy Quiescent Supply Current No Load 1.0 1.6 1.0 2.0 mA 
IL Load Current 8 21 8 21 mA 
Is Sink Current -5 -10 -5 ~10 mA 
Isc Short-Circuit Current Vo =0 30 30 mA 
Vr Temperature Voltage Output (Note 5) 630 630 mV 
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+5V PRECISION VOLTAGE 
REFERENCE/TEMPERATURE TRANSDUCER 


REF-02 


Electrical Characteristics: V,y = +15V, 0°C<T,<+70°C and |, = OmA, unless otherwise indicated. - 


i | | 7 _ REF-02C —-« REF-02D 
SYMBOL PARAMETER . ~. CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 
AVor i eel Change with (Notes 1 and 2) 014 045 049 3#«17 % 
Tg: “reer enemas i (Notes) 20 6 70 250 ppm/ec 
Change in Vo Temperature = 
Coefficient with Output Adjustment tp =10k® | 0.7 | 0.7 ppmi% 
Line Regulation (Note 4) Vin =8V to 30V 0.011 0.018 . 0.012 0.05 %/V 
Load Regulation (Note 4) I, =0 to 5mA | 0.008 0.018 0.016 0.05 %/V 
TCV Temperature Voltage Output (Note 5) | | 24 2 4 mV/eC 
: Temperature Coefficient | | ye fae | 
Notes: 1. AV, is defined as the absolute difference between the maximum 3. TCV is defined as AV; divided by the temperature range, i.e., 
. output voltage and the minimum output voltage over the specified , AV 
temperature range expressed as a percentage of 5V: TCV, = a 
| . 70°C 
AV = Vmax ~V MIN x 100 Line and Load Regulation specifications include the effect of self-heating. 
Tl By Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF. 


NOOO 


Guaranteed by design. 


2. AVoy specification applies trimmed to +5.000V or untrimmed. Sample Tested. 


Bonding Diagram 


2. Vin 
3. TEMP 
4.GND 


6. Vout” 
*The two bonding pads are connected to pin 6. 


DIE SIZE 0.067 x 0.05 inch, 3550 sq. mils 
(1.702 x 1.27mm, 2.16 sq. mm) 
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Section 13 


Operational Amplifiers 


47° TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC900 


LOW POWER CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


FEATURES 

m Low Power Supply Current ........... 140 vA 
@ Low Input Offset Voltage ........... 5 uv Max. 
= Low Input Offset Voltage Drift. . . . 0.05 uV/°C Max. 
= High Impedance Differential CMOS Inputs . . 1012 
@ High Open Loop Voltage Gain .... 120 dB Min. 
m Low Input Noise Voltage ............ 0.3 uVp-p 
m@ High Slew Rate ...................... 0.2 V/us 
= Compensated Internally for Stable Unity Gain 


Operation 
Available in 8-Pin Dip or 8-Pin SO Package 
Pin Compatible to ICL7650/TSC7650A/TSC7650 


14 PIN DIP ONLY 


EXTERNAL 
' CAPACITORS 
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TSC900 


“ey 


TSC900 


GENERAL DESCRIPTION 


The TSC900 is a low power precision oper- 
ational amplifier. The 200 vA maximum supply current 
reduces device power requirement by over fifteen 


LOW POWER CHOPPER- STABILIZED | 


times when compared to the pin compete Heer Gee | 


device. 

Offset voltage is a low 5 wV with drift at 0.05 
HN/° C. Vos errors are removed and adjustment poten- 
tiometers made unnecessary. The chopper . stabilized 
error correction technique keeps offset voltage errors 
near zero throughout the device operating Iolo ratule 
range. 

~The TSC900 seieneanes advantages are 
achieved without the additional manufacturing com- 
plexity and cost incurred with laser or “zener zap” Vog 
trim techniques. The TSC900 is one of the lowest cost 
low power precision operational amplifiers available. 

The TSC900 nulling scheme corrects both DC 
Vos errors and Vos drift errors with temperature. A 
nulling amplifier alternately corrects its own Vos errors 
and the main amplifier Vos error. Offset nulling voltages 
are stored on two user supplied external capacitors. 
The capacitors connect to the internal amplifier Vos 
null points. The main amplifier input signal is never 
switched. Switching spikes are not present at the 
TSC900 output. The null scheme keeps Vos errors low 
throughout the operating temperature range. Laser 
and “zener zap” trimming can correct for Vos at only 
one temperature. 

The nulling circuit oscillator and control circuits 
are integrated on chip. Only two external Vos error 
storage Capacitors are required. The TSC900 operates 
as a conventional operational amplifier with vastly 
improved input specifications. The low Vos and Vos 


drift errors make the TSC900 ideal for thermocouple, 


thermistor, and strain gauge applications. Low DC 
errors and high open loop gain make the TSC900 an 
excellent preamplifier for precision analog to digital 
converters like the TSC7135, TSC800 and TSC7109. 

The 14-pin dual-in-line package (DIP) has an 
external oscillator input to drive the nulling circuitry. 
Both the 8 and 14-pin DIP have an output voltage clamp 
circuit to minimize over-load recovery time. 
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_ OPERATIONAL AMPLIFIER 


Ordering Information 


Max. 
Temp. Max. Supply 
Part No. Package Range Vos _ Current 
‘ 8-Pin Patel gb 
TSCOOOACPA Plastic DIP COM. 5yuV = 200 pA 
TSC900ACOA.  8-PinSO COM 54V 200yA 
; cco EPI ce ks 
TSC9ODAWA = Ga nip IND 5 nV 200 WA 
‘Tscgooacpp «= Pin ‘COM 5yV 200nA 
acne Plastic Dip. ~~ OA MB 
‘Tsca00AD = Pin IND 5uV 200 uA 
ae -CerDIP yn ee 
*tscgooncpA — & Pin COM 15nV 400 yA 
vet’ Plastic DIP oe ‘ 
TSC900DBCOA 8-PinSO COM 154V 400 yA 
: a 8-Pin wae 
TSCSOOBIJA eae IND 15 yV 400 yA 
‘tscooospcpp «PIN = Gomis wv 400 vA 
“Plastic Dip » ee M 
‘Tscgo0BD = Pin IND. 15 nV 400 pA 
CerDIP : M M 


* Available with 160 hour, +125°C burn-in. Add /BI to part number 


suffix. 


Pin Configuration (SO and DIP) 


EXTERNAL 
+3 | CLOCK INPUT 
2] INTERNAL 
CLOCK OUTPUT 
+ 


110} OUTPUT 


NC = NO INTERNAL CONNECTION © 


PRODUCT INFORMATION 


TSC900 


Absolute Maximum Ratings Current inte: ANY "PIN 25 .c4ae sn weastrey iad keene 10 mA 

Total Supply Voltage (VS to Vs) Soo ett Dosa cee eee eso 18 Volts While Operating (Note 4) ee: See Wie a ee Si ote GPE 100 LA 

Input Voltage ...........00. (V§ + 0.3) to (Vg - 0.3) Volts Operating Temp. Range 

Storage Temp. Range ...............05. -55°C to 150°C | Device wi Wick Clos kde ce, ae nia ela ac ale eo ate ~25°C to +85°C 

Lead Temperature (Soldering, 10 sec) ............ 300° C I er 0°C to +70°C 

Voltage on Oscillator Control Pins ............. Vs to Vs Package Power Dissipation (Ta = 25°C) . 

Output Short Circuit Duration ...............5. Indefinite CerDIP Package ......-... 0. sees neers 500 mV 
Plastic: Package: -ic.cscuciee Wedawi stews aoe Naw ine 500 mW 


Electrical Characteristics: vg = +5 v, vs = -5 v, Ca = Cp = 0.1 uf. Ta = 25°C. 


TEST TSCS900A TSC900B 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX |MIN TYP MAX UNIT 
1 Vos Input Offset Voltage Ta = +25°C — — 5 — — 15 uV 
2 AVos Input Offset Voltage Operating Temp _ _ 
Me AT Average Temp. Coefficient Range (Note 1) ae ge a os HVC 
p Average Ta =+ 25°C — _ 50 — — 80 
U 3 IBIAS Input Bias Current O°C < Ta s+ 70°C — — 70 — — 100 pA 
T (Note 7) ~25°C < Tas + 85°C — — 100 —_ — 140 
4 los Input Offset Current Ta = 25°C — 05 — — 05 — pA 
: Rs = 1009 oat _ oe 
5  €np-p Input Noise Voltage | 0.1 to 10 Hz — 4 4 uUVp-p 
Rs = 1000 = = = a, 
6 e€np-p Input Noise Voltage 0.1 Hz to 1Hz 0.3 0.3 UVp-p 
7 ~~ RIN Input Resistance — 1012 — — 1012 a Q 
Common-Mode 
8 CMVR Voltage Range -5.0 — +1.5V | -5.0 — +4.5 V 
Common-Mode i _ 
9 CMRR Rejection Ratio CMVR=-5Vto+1.5V 110 130 — | 100 — dB 
O 10 Av Large-Signal Voltage Gain Rt = 10 kQ 120 130 — | 100 — — dB 
: 44° Nout Output Voitage Swing Ri = 10 kN -4.7 — +3.5 | -4.7 — +3.5 V 
Pp (Note 3) Ri. = 100 kN -4.9 — +3.9 | -4.9 ~ +3.9 
U 12 Clamp ON Current (Note 2) Ri = 100 kQ 20 90 200 20 90 200 LA 
T 43 Clamp OFF Current (Note 2) -40V<Vour<+40V. — 1 24 ez pA 
D 14. Bw Unity Gain Bandwidth Unity Gain (+1) — 07 —| — 07 — MHz 
i 15 SR Slew Rate CL = 50 pF, RL = 100k = 02. wi = 02 <2 Ws 
A 16 Rise Time | — 05 — — 05 — us 
ji 17 Overshoot —_ 18 —_— = 18 — % 
Cc 18 fch Internal Chopping Frequency Pins 12-14 open (DIP) — 150 = — 150 — Hz 
Ss yy t ~ Operating - 
U 19 Vs to Vs Supply Range 4.5 — 16; 45 16 V 
FIs Supply Current No Load — 140 20|/ — — 400 A 
L Power Supply = = _ we 
Y 21  PSRR Rejection Ratio Vgs=+3Vto+8V 120 — 100 dB 
Notes: 
1. Operating temperature range is -25°C to +85°C for “I” grade and 0°C to 6. Stresses above those listed under “Absolute Maximum Ratings” may cause 
+70°C for “C” grade. permanent damage to the device. These are stress ratings only and func- 
2. See OUTPUT CLAMP discussion. tional operation of the device at these or any other conditions above those 
3. OUTPUT CLAMP not connected. indicated in the operational sections of the specifications is not implied. 
4. Limiting input current to 100 uA is recommended to avoid latch-up Exposure to absolute maximum rating conditions for extended periods may 
problems. affect device reliability. 
5. Static Sensitive Device. Unused devices must be stored in conductive ma- 7. Average current caused by switch charge transfer at input. 


terial to protect devices from possible static damage. 
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TSC900 


Chopper Stabilized Operational Amplifiers 


The TSC900 is the first low power chopper stabilized ampli- 
fier commercially available. The TSC900 maximum supply 
current is 15 times lower than the pin compatible TSC7650 
amplifier. As Figure 1 shows the low supply currentis achieved 
without sacrificing offset voltage or offset-voltage drift perfor- 
mance. 7 


mA 


MAXIMUM SUPPLY CURRENT 


Supply Current vs 
Vos Drift 


MAXIMUM SUPPLY CURRENT 


MAXIMUM OFFSET VOLTAGE DRIFT (uV/° cy 


Figure 1 


LOW POWER CHOPPER-STABILIZED 
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OPERATIONAL AMPLIFIER 


Nulling Capacitor Connection 


The offset voltage correction capacitors are connected to CA 
and Cp. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (Cr, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
voltage drops. 


Internally Vs is connected to Cr. 


SC7650A TSC7650 


Supply Current vs 
Offset pathveted 


4#@ TSc900B 


pig TSC900A 


MAXIMUM SUPPLY CURRENT (A) 


MAXIMUM OFFSET VOLTAGE 


PRODUCT INFORMATION 


TSC900 


a 


TSC900 


14 PIN PACKAGE 8 PIN PACKAGE 


(PIN 8 IS CONNECTED TO 
PIN 7 INTERNALLY) 


Figure 2: Nulling Capacitor Connection 


Clock Operation 


The internal oscillator is set for a 150 Hz nominal chopping 
frequency on both the 8 and 14-pin dual in line packages. 
With the 14-pin DIP TSC900, the 150 Hz internal chopping 
frequency is available at the internal clock output (Pin 12). A 
300 Hz nominal signal will be present at the external clock 
input pin (Pin 13) with EXT/INT high or open. This is the 
internal clock signal before a divide by two operation. 


The 14-pin DIP device can be driven by an external clock. The 
INT/EXT input (Pin 14) has an internal pull-up and may be left 
open for internal clock operation. If an external clock is used 
INT/EXT must be tied to Vs (Pin 7) to disable the internal 
clock. The external clock signal is applied to the external 
clock input (Pin 13). 


The external clock amplitude should swing between Vs and 
ground for power supplies up to +6 V and between Vs and Vs 
-6 V for higher supply voltages. 


At low frequencies the external clock duty cycle is not critical 
since an internal divide by two gives the desired 50% switch- 
ing duty cycle. The offset storage correction capacitors are 
charged only when the external clock input is high. A 50-80% 
external clock positive duty cycle is desired for frequencies 
above 500 Hz to guarantee transients settle before the 
internal switches open. 


The external clock input can also be used asa strobe input. If 
a strobe signal is connected at the external clock input so 
that it is low during the time an overload signal is applied, 
neither capacitor will be charged. The leakage currents at 
the capacitor pins are very low. 
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Output Clamp 


Chopper-stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
Output saturation occurs. The inputs are no longer held ata 
“virtual ground.” The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the ex- 
ternal capacitors. The nulling circuit also saturates. Once the 
input signal returns to normal, the response time is leng- 
thened by the long recovery time of the nulling amplifierand 
external capacitors. 


Through an external clamp connection, the TSC900 elimi- 
nates the overload recovery problem by reducing the feed- 
back network gain before the output voltage reaches either 
supply rail. 


The output clamp circuit is shown in Figure 3 with typical 
inverting and non-inverting circuit connections shown in 
Figure 4 and 5. Output voltage vs clamp circuit current 
characteristics are shown in the typical operating curves. For 
the clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 kf. 


INTERNAL 
POSITIVE CLAMP BIAS 
P CHANNEL 


OUTPUT 
CLAMP 


PIN 


N CHANNEL 
INTERNAL 
NEGATIVE CLAMP BIAS 


TSC900 
OUTPUT 
PIN 


Figure 3: Internal Clamp Circuit 


OUTPUT 


R3 + (R4/R2) > 100k22 
FOR FULL CLAMP EFFECT 


CONNECT CAPACITORS TO 
Vg WITH 8-PIN DIP 


Figure 4: Non-inverting Amplifier with Optional Clamp 


TSC900 


LOW POWER CHOPPER-STABILIZED. 


OPERATIONAL AMPLIFIER 


~ TSc900 OUTPUT 


(Ry || Ro) > 100 k2 
FOR FULL CLAMP EFFECT 


CONNECT CAPACITORS TO 


Vg WITH 8-PINPACKAGE =9-1HF_ 0.1 HF 


Figure 5: Inverting Amplifier with Optional Clamp 
Static Protection 


All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 
diode junction characteristics and increase input-leakage 
currents. | _ | 


Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manu- 
facturers in establishing “static safe” work areas where CMOS 
components are handled. A partial company listing is: 


@ 3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 


®@ Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 | 


Input Bias Current 


The TSC900 inputs are never disconnected from the main 
internal amplifier. The null amplifier samples the input offset 
voltage and corrects DC errors and drift by storing compen- 
_ Sating voltages on external capacitors. The sampling causes, 
however, charge transfer at the inputs. The charge transfer 
‘represents a peak impulse current of 200 to 290 nA at the 
inputs when the internal clock makes a transition. 


Latch-Up Avoidance 


Junction-isolated CMOS circuits inherently include a para- 
sitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low impedance state, resulting in 
excessive supply Current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be estab- 
lished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limitin- 
put current flow to under 0.1 mA to avoid latchup. 
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Thermo-Electric Potentials 


Precision dc measurements are ultimately limited by 
thermo-electric potentials developed in thermocouple junc- 
tions of dissimilar metals, alloys, silicon, etc. Unless all junc- 
tions are at the same temperature, thermoelectric voltages 
typically around 0.1 uV/°C, but up to tens of nV/° C for some 
materials, will be generated. In order to realize the benefits 
extremely low offset voltages provide, it is essential to take 
special precautions to avoid temperature gradients. All com- 
ponents should be enclosed to eliminate air-movement, 
especially those caused by power-dissipating elements in 
the system. Low thermoelectric-coefficient connections 
should be used where possible and power supply voltages 
and power dissipation should be kept to a minimum. High- 
impedance loads are preferable, and separation from 
surrounding heat-dissipating elements is advised. 


Pin Compatibility 


On the 8-pin mini-dip TSC900 the external null storage capa- 
citors are connected to pins 1 and 8. On most other opera- — 
tional amplifiers these are left open or are used for offset 
potentiometer or compensation capacitor connections. 


For OPOS and OP07 operational amplifiers, the replacement 
of the offset null pot between pins 1 and 8 by two capacitors 
from the pins to Vs will convert the OP05/07 pin configura- 
tion for TSC900 operation. For LM108 devices the compen- 
sation capacitor is replaced by the external nulling capa- 
citors. The LM101/748/709 pin outs are modified similarly by 
also removing any circuit connections to pin 5. On the 
TSC900 pin 5 is the output clamp connection. Other opera- 
tional amplifiers may use this pin as an offset or compensa: 
tion point. 


The minor modifications needed to retrofit a TSC900 into 
existing sockets operating at reduced power supply voltages 
make prototyping and circuit verification straight forward. 


Component Selection 


The two required capacitors, Ca Cp, have. optimum values 
depending on the clock or chopping frequency. For the 
present internal clock, the correct value is 0. 1 pF. To main- 
tain the same relationship between the chopping frequency 
and the nulling time constant, the capacitor values should be 
scaled in proportion to the external clock if used. High- 
quality film-type capacitors such as mylar are preferred. 


‘Ceramic or other lower-grade Capacitors may be suitable in 


some applications. For fast settling on initial turn-on, low 
dielectric absorption capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several seconds 
may be required to settle to microvolt levels. - 


PRODUCT INFORMATION 


TSC900 


Typical Characteristic Curves 


Input Voltage Noise vs 
External Clock Frequency Output Voltage Swing 
(Pin 13) vs Load Resistance 


a1 TSC900 
BW = 0.1 Hz to 10 Hz 
Rg = 100 22 


OUTPUT VOL TAGE SWING (V) 


INPUT VOLTAGE NOISE uV5_p) 


0 
100 22 1kQ 10 kQ 


FREQUENCY - PIN 13 (Hz) LOAD RESISTANCE 


Positive Clamp Current Negative Clamp Current 


Mme TSC900 
an Vs =+5V 


rk 
= 2 
tr) ud 
fa cc 
cc a 
5 ~ 
rs) oO 
a. a 
s = 
gt c= 4 
i 4 
(sz) Oo 


POSITIVE OUTPUT VOLTAGE (V}) 


Slew Rate 


Mygxe TSC900 
Ar Ry = 100 ks 


GAIN = +1 


VERTICAL SCALE = 1V/DIV 
HORIZONTAL SCALE = 5ys/DIV 


LOW POWER CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


TSC900 


Typical Characteristic Curves 


Offset Voltage vs 
Common Mode Voltage 


OFFSE T VOLTAGE (pV) 


COMMON MODE VOLTAGE (V) 


Supply Current vs Gain and Phase 
Supply Voltage vs Frequency 


~~ 


SUPPLY CURRENT (uA 
GAIN (dB) 
PHASE (@) 


CCE NT] 


ee 
eae 
emer 
a= 
feed 
te 

ia 


0 2 4 6 8 10 12 14 6G 18 
vt TO V~ SUPPLY VOLTAGE (V) UNITY GAIN BANDWIDTH 
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“46 TELEDYNE 
SEMICONDUCTOR 


Single Dual Quad 


TSC 901 
TSC 903 
SO Package TSC 904 


Available 


LOW NOISE AUTO ZEROED MONOLITHIC OP AMPS 


MAIN AMPLIFIER 


FEATURES 


= Second Generation Monolithic Chopper Stablized 
Op-Amp 

=» No External Capacitors Required 

a +15 or5 to 32 Volt Single Supply Operation 

= 450 Microamps Typical Supply Current At 15 Volts 

s 7 Microvolts Typical Input Offset Voltage 

=a 140 db CMRR Typical 

= 140 db Open Loop Gain Into 10K Load Typical 

= 5 Microvolts (@ 10 Hz Bandwidth) Output Noise 

=» TSC901 Pin Out Compatible With ICL7650 

= Lowest Parts Count Chopper Op-Amp 


INTERNAL 
OSCILLATOR 
(fosc ~ 200 Hz) 


LOW IMPEDANCE 
OUTPUT BUFFER 


*INTERNAL CAPACITORS. NO EXTERNAL CAPACITORS REQUIRED. 


U.S. Patent No. 4,605,907 
U.S. Patent No. 4,769,589 
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TSC901 
TSC 903 
TSC904 


GENERAL DESCRIPTION 


The TSC90X Series are ehoppal eepiied opera-— 


tional amplifiers. It is a second generation design of the 
TSC911 Series which were the worlds first monolithic 
CMOS chopper stabilized op-amps with on chip 
capacitors. This second generation design allows the 
use of higher supply voltages (+15 volts or single supply 
30 volts), while decreasing noise. : 


Elimination of the external capacitors allows the 
designer to increase reliability, lower cost and simplify 
design by lowering parts count. Substantial space 
savings can be realized on P.C. board layouts. Other 
chopper stabilized op-amps such as the ICL7650/7652 
and LTC1052 require external oa therefore 
these advantages are lost. — | 


The TSC90X Series are auto zeroing op-amps- 
resulting in low input offset as well as almost zero drift — 


with time. This results in the elimination of production line 
- adjustments as well as periodic calibration. 

The TSC90X Series is supplied in 8 & 14 pin mini- 
dip packages and the TSC901 is pin compatible with the 
7650, using the industry standard 741 pin out. The 
TSC903 is pin compatible with the LM358, while the 
TSC904 is pin compatible with the LM324/348. 


Notable electrical characteristics are; low supply 


current (450 microamps typical), single supply operation | 


from 5 to 32 volts, low input offset voltage (7 microvolts 
typical), low noise (<5 microvolts typical for a 10 Hz 


bandwidth ) and fast recovery from saturation without the — 


use of external clamp circuitry. 


16-Pin “SO” Wide 


NEW PRODUCT INFORMATION 


ORDERING INFORMATION: 


‘Part No. Package Temp Range 
TSC901CPA 8 Pin Plastic 0 to 70°C 
TSC9011JA 8 Pin CerDip — -25 to 85°C 
TSC903CPA 8 Pin Plastic 0 to 70°C 
TSC9O3IJA 8 Pin CerDip -25 to 85°C 
TSC904CPD 14 Pin Plastic 0 to 70°C 
TSC904IUD 14PinCerDip. _-25 to 85°C 
TSC901Y Chip: 25°C 
TSC903Y Chip 25°C 


TSC904Y ‘Chip 25°C 
TSC9O1ICOE__—16 Pin SOIC 0 to 70° 

All devices except chips are available with 160 hr. 
burn-in. Add /BI to part number suffix. 


Pin Configurations © 


TSC901 
NC = NO INTERNAL CONNECTION 


TSC904 
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HIGH—VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


Absolute Maximum Ratings 


Total Supply Voltage (Vs-Vs) ............005 36 Volts 
Input voltage ............ ( Vs + 0.3) to (Vs - 0.3) Volts 
Storage Temp. Range ............... -55°C to 150°C 
Lead Temperature (Soldering, 10 sec) ......... 300°C 
Current into Any Pin .......... 0. ccc eee eee eee 10 mA 


TSC 901 
TSC 903 
TSC 904 


Operating Temp. Range 


| DOVICG: x. ccrisiee oq wus Wares amend -25°C to +85°C 
C DEVICE 6 icy ee eau mee oleae 0°C to +70°C 
Package Power Dissipation (Ta = 25°C) 
CorDiP: PaCKaGe ci wcany mantener aia, caus 500 mW 
Plastic: Package .4.42.cescad ey faded iaaliee se 375 mW 


Electrical Characteristics Vs +15 V, Ts = 25°C unless otherwise indicated. (Each Amplifier) 


TEST TSC90X 
SYMBOL PARAMETER | CONDITIONS MIN TYP MAX UNIT 
Input Offset Voltage 
Average Temperature 
Vos/T Coefficient of Input 0°C = Ta S 70°C 05 0.15 LN/eC 
Offset Voltage 
Average Input Ta = 25°C 30 50 pA 
IB Bias Current 0°C < Ta S 70°C 2 10 nA 
-25°C <Ta < 85°C 2 10 nA 
Average Input 
los Offset Current Ta = 25°C 50 100 pA 
Input Voltage 
en Noise (Fig. 1B) 0.1 to 1.0 Hz, Rs = 100 1.2 Vp-p 
Input Voltage 
Cn Noise (Fig. 1A) | 0.1 to 10 Hz, Rs = 1009 5.0 LNVp-p 
Common-Mode 
CMRR Rejection Ratio Vs<Vom<Vs -2V 120 140 dB 
, Common-Mode 
CMVR Voltage Range Vs=+5Vto+ 15V Vs Vg - 2.0 V 
Open-Loop | 
Ao. Voltage Gain Re = 10 kQ, Vs = + 15V 120 140 dB 
Vout Output Voltage Swing = RL= 10 kQ Ve +1V at ve -1.2V V 
Closed-Loop | 
BW Bandwidth(Fig. 7) Closed-Loop Gain = +1 MHz 
SR Slew Rate Ri = 10 KO, C. = 50 pf a a V/uS 
Power Supply 
PSRR Rejection Vs=+5to+15V 120 140 dB 
Operating Supply 
Vs Voltage Range (Note 3) +3 V +16V V 
Is Quiescent Supply(Fig. 2) Vs =+15V Fo al 0.45 | 06 | mA 
Notes 


1. Static Sensitive Device. Appropriate precautions should 
be taken when handling, shipping or storing these 
devices. | 

2. Stresses above those listed under “Absolute Maximum 
Ratings’ may cause permanent damage to the 
devices. These are stress ratings only and functional 


operation of the device at these or any other conditions 
above those indicated in the operational sections of the 
specifications is not implied. 

3. Single Supply Operation: Vs = +5 V to +32 V. 
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NEW PRODUCT INFORMATION 


TSC 901 
TSC 903 
TSC 904 


—-_. 


pennies 


2 —— 


HIGH—VOLTAGE AUTO-ZEROED TSC 90 T 


- OPERATIONAL AMPLIFIER TSC 903 
TSC 904 


Figure 3: TSC 901 Recovery From Negative Saturation 


INPUT 
2V/DIVISION 


OUTPUT 
5V/DIVISION 


Figure 5: 
Saturation Test Circuit 


Re sms/DIVISION 


> Output 


Input a aaa Figure 4: TSC 901 Recovery From Positive Saturation 


V R, = 1K 
Ro = 40K 


OUTPUT 
5V/DIVISION 
ov 


OV 


INPUT 
2V/DIVISION ; 


LE ELT] | eer 


20ms/DIVISON 
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TSC 901 
TSC 903 
TSC 904 


Pin Compatibility 


The CMOS TSC901 is pin compatible with the | > cir 
_ parasitic p-n-p-n transistor circuit. Voltages exceeding the 


GE/Intersil ICL7650 chopper-stabilized amplifier. The 
- 1CL7650 must use external 0.1 uF capacitors connected at 
pins 1 and 8. With the TSC901 operational amplifier, 


however, external offset voltage error cancelling. 


capacitors are not required. TSC901 pins 1 and 8 are not 
connected internally. Pin 5 is also not internally connected. 
The 1CL7650 uses pin 5 as an optional output clamp 
’ connection. The external chopper capacitors and clamp 
connections are not necessary when the TSC901 is used. 
External circuits connected to pins 1, 8, and 5 will have no 
effect on the TSC901. The TSC901 can be quickly evaluated 
in existing ICL7650 designs. Since external capacitors are 
not required system part count, assembly time, and total 
_ system cost are reduced. Reliability is increased and 
printed circuit board layout eased by having the error 
storage capacitors integrated on the TSC901 chip. 

The TSC901 pin-out matches many popular opera- 
tional amplifiers — OP07, OP05, ICL7650, ICL7652, 741, 
LM101, LM108, OP20, OP21, OP08 and OPO6. In many 
applications that operate from +15V power supplies the 
TSC901 will offer superior electrical performance and be a 
functional pin compatible replacement. Offset voltage 
correction potentiometers, compensation capacitors, and 
chopper-stabilization capacitors can be removed when 
retro-fitting existing equipment designs. 

The TSC903 is pin compatible with LM358, OP 14, 
MC1 458, ICL7621, TLO82, and TLC322. The TSC904 is pin 
compatible with LM348, TLC274, LM324, OP11 and 
ICL7641/42, and again, no external capacitors are needed 
for either the TSC903 or TSC904. 


Thermocouple Errors 


Heating one joint of a loop made from two different 
_ metallic wires causes current flow. This is known as the 
_ Seebeck effect. By breaking the loop an open circuit 
voltage (Seeback Voltage) can be measured. Junction 
temperature and metal type set the magnitude. Typical 
- values are 0.1 uV/°C to 10uV/°C. Thermal induced voltages 
can be many times larger than the TSC90X Series offset 
voltage drift. Unless the unwanted thermocouple potentials 
can be controlled ays penenmance will be less than 
optimum. 

Unwanted thermocouple junctions are created when 
leads are soldered or sockets/connectors used. Low 
_ thermo-electric coefficient solder can reduce errors. A 60% 
Cd/40% Sn Pb solder has one tenth the thermal voltage of 
common 64% Sn/36% Pb solder at a copper junction. 

The number and type of dissimilar metallic junctions in 


the input circuit loop should be balanced. If the junctions are: 


~ kept at the same temperature their summation will add to 
_ zero cancelling errors (Figure 6). | 

Shielding precision analog circuits from air currents 
—especially those caused by power dissipating com- 
ponents and fans — will minimize temperature gradients 
and minimize thermocouple induced errors. 
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‘NEW PRODUCT INFORMATION 


Avoiding Latch-Up 


~ Junction isolated CMOS circuits inherently contain a 


supplies by 0.3 V should not be applied to the device pins. 
Larger voltages can turn the p-n-p-n device on causing 
excessive device power supply current and excessive 
power dissipation. TSC90X Series power supplies should 
be established either at the same time or before input 
signals are applied. If this is not possible input current 
should be limited to 1 mA to avoid triggering the p-n-p-n 
structure. 


Static Protection 
Input pins are protected against electrostatic fields. 

Static handling procedures should be used with all CMOS 
devices. Many companies provide services, educational 
material, and supplies to aid electronic equipment manu- 
facturers establish “static safe” CMOS eompenent handling 
areas. A partial company list is: 
@ 3M © e@ Semtronics 

Static Control Systems Div. P.O. Box 592 

223-23W EM Center Martinsville, NJ 08836 

St. Paul, MN 55101 (201) 561-9520 

(800) 792-1072 


Overload Recovery 

The TSC90X Series recovers quickly from output 
saturation. Typical recovery time from positive output 
saturation is 20 msec. Negative output saturation recovery 
time is typically 5 msec. 


Jo= Ja ) NO TEMPERATURE DIFFERENTIAL 
$278 | AND SAME METALLIC CONNECTION 


Je 


PACKAGE PIN 


V1 = Vi + Ve + V3 - 


Va -Vs -Ve =0 


Figure 6: Unwanted Thermocouple Errors 


Eliminated by Reducing unetmaletadients 
and Balancing Junctions. 


HIGH—VOLTAGE AUTO-ZEROED TSC 90 1 


OPERATIONAL AMPLIFIER TSC 903 
TSC 904 


PHASE MARGIN 
10KQ with 50 pf Load 
36° at 700KHz @ 70°C — 
40° at 800KHz @ 25°C 


1 KHz 10 KHz 
Frequency 
Note: Unstable with Capacitive loads 
from 300pF to 10,000pF 
Bonding Diagrams 
TSC901 TSC903 ane TSC904 


PIN 1 


a 


nites ei Se a 
= = 
(i= 


0.154 


Measurements are given in thousands of inches. 


Notes 


INGE RE a i a, DEPT: 


CE cc ee DATE 


DESCRIPTION 
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“47© TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC9T1 


AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 


FEATURES 


m First Monolithic Chopper-Stabilized Amplifier 
— External Capacitors Not Required 
m Chopper Amplifier Performance Without External 
Capacitors 
— 5 uV Offset Voltage 
— 0.05 ypV/°C Offset Voltage Drift 


m Low Supply Current .................. 350 uA 
mg High Common-Mode Rejection ......... 116 dB 
m Single Supply Operation ......... 4.5 Vto 16 V 
m High Slew Rate ...................... 2.5 Wus 
m Wide Bandwidth ..................... 1.5 MHz 
m High Open Loop Voltage Gain 

(Ai S10 KO) sc tc etn cnc env weekuasies 120 dB 


m@ Low Input Voltage Noise (0.1 to1Hz). . .0.65uVp_p 
m Pin Compatible with ICL7650 | 
m Lower System Part Count 


2 
—INPUT © 


INTERNAL 
OSCILL ATOR 
(fosc = 200 Hz) 


LOW IMPEDANCE 
OUTPUT BUFFER 


3 
+INPUT O 


MAIN AMPLIFIER 


*INTERNAL CAPACITORS. NO EXTERNAL CAPACITORS REQUIRED. 


U.S. Patent No 4605907 
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TSCOI1 


GENERAL DESCRIPTION 


The CMOS TSC911 auto-zeroed operational 
amplifier is the first complete monolithic chopper- 
stabilized amplifier. Chopper operational amplifiers like 
the 1CL7650/7652 and LTC 1052 require user supplied, 
external, offset compensation storage capacitors. 
EXTERNAL CAPACITORS ARE NOT REQUIRED WITH 
THE TSC911. Just as easy to use as the conventional 


741 type amplifier, the TSC911 significantly reduces: 


offset voltage errors. Pin-out matches the OP07/741/7650 
8-pin mini-DIP configuration. 

Several system benefits arise by eliminating 
the external chopper capacitors. Lower system part 
count. Reduced assembly time and cost. Greater 
system reliability. Reduced printed circuit board layout 
effort and greater pc board area utilization. Space 
savings can be significant in multiple amplifier designs. 

Electrical specifications include a 15 uV maxi- 
mum offset voltage, 0.15 uV/°C maximum offset voltage 
temperature coefficient. Offset voltage error is five 
times lower than the premium OP07E bipolar device. In 
offset drift the TSC911 improves performance by eight 
times. _ | a : 
Low offset voltage errors eliminate trim proce- 
dures during manufacturing, periodic re-calibrations, 
and reliability problems caused by damaged or misad- 
justed trim potentiometers. | 

The TSC911 automatically corrects offset volt- 
age drift with time also. Operational amplifier long term 
drift is less easily controlled and more expensive to 
maintain when low offset errors are obtained by 
trimming thin film resistors. The TSC911 internal circuits 
correct errors repetitively at a 200 Hz rate. Long term. 
drift is effectively eliminated. 

The TSC911 operates from dual or single 
power supplies. Supply current is typically 350 wA. 
Single 4.5 V to 16 V supply operation is possible. This 
makes single 9 V battery operation possible. The 
TSC7660 DC to DC converter can easily supply a 
negative potential in dual supply applications where 
only a +5 V system supply its available. 


Open-loop voltage gain is 115 dB minimum 


~ with a 10 kQ load. Unity gain bandwidth is 1.5. MHz. 
Slew rate is 2.5 V/us. Common-mode rejection ratio is 
110 dB. Input common-mode range extends from 2 V 
below the positive supply to the negative supply. 
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AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 


The TSC911 is available in an 8-pin plastic or 
CerDIP package. Dice are available for hybrid appli- 
cations. 

For precision dual and quad monolithic 
chopper-stabilized amplifiers see the TSC913 dual and 
TSC914 quad data sheets. 


Ordering Information 


‘Temperature Max. Offset 


Part No. Package Range Voltage 
% 8-Pin ’ 5 ve ° 
TSCSTIACPA  Biictic pip. OC to 70 C : 15 uN 
TSC9MIACOA 8-PinSO —0°C to 70°C 15 pV 
: 8-Pin Ss icisaes 

TSCOTIBCPA Bi ctic pip 0°C to 70°C 30 wV 
TSC911BCOA 8-Pin SO 0°C to 70°C 30 uV 
‘ 8-Pin 4 % 

TSCONAWA — Gopip 25°C to 85°C 15 pV 
‘TscorBWA = -&Pin -25°C to 85°C 30 pV 

CerDIP M 

TSC911AY Chip 25°C 15 uN 
TSC911BY Chip 25°C 30 pV 


* Parts Available with 160 Hour, +125°C Burn-in. Add /BI to Part 
Number Suffix. 


_ Pin Configuration (SO and DIP) 


NC = NO INTERNAL CONNECTION ° 


PRODUCT INFORMATION 


TSC9T1 


Absolute Maximum Ratings Operating Temp. Range 


Total Supply Voltage (VS to VS) ......-eeeeee eee 18 Volts [Device ..... ccc ceceeecceeeeuees -25 °C to +85 °C 
Input Voltage .............. (Vs + 0.3) to (Vs - 0.3) Volts CAD CVIC™ cactus oh Vomels Ue atie oO 0 °C to +70 °C 
Storage Temp. Range ................ -55 °C to 150 °C Package Power Dissipation (Ta = 25 °C) 

Lead Temperature (Soldering, 10 sec) ........... 300 °C GerDIPsPaCkage. sacri caiiernisnceee saw denietom as 500 mW 
Current into Any Pin 0... .. cee cece cee eee eens 10 mA PIASlIC+PACKAGG: tina cawecivadatace cue ewee weal 375 mW 


Electrical Characteristics: vs = +5 v, Ta = 25°C unless otherwise indicated. 


TSC9OTIA TSC911B 
NO. SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 
1 Vos Input Offset Voltage TA = 25°C — 5 15 — 15 30 uv 
Average Temperature 3 
ae 0°C s Ta S70°C — 0.05 0.15 _ 0.1 0.25 pwV/°C 
2 Vos/T Coefficient of Input pens 0 _ a ° 
Offset Voltage 25°C < Ta S 85°C 0.05 0.15 0.1 0.25 pV/°C 
Ta = 25°C — — 70 — — 120 pA 
3 Ip a lil ch O°C<Ta<70°C = ie 3 as = 4 nA 
-25°C <= Ta < 85°C — — 4 — — 6 nA 
4 los Average Input Offset Current — 5 20 — 10 40 pA 
Input Voltage _ = = = x 
5 en Noige 0.1 to 1.0Hz, Rs < HO 0.65 0.65 uVp-P 
6 en es 0.1 to 10 Hz, Rs < 100 9 = 1 _ = 1 — Vp-p 
oise 
7 ewe Common-Mode Vs < Vom < V8 - 2.2 110-116 — 105 —*10 = dB 
Rejection Ratio = = ; 
Common-Mode + = + 
— - — ~2. V 
8 CMVR Voltage Range Vs Vs -2.0 Vs Vs -2.0 
Open-Loop £4 a4, a | — B 
bs) AOL Voltage Gain Ri ae Vo=14V 115 120 110 120 d 
10 Vout Output Voltage Swing RL=10 ko Vs+.3V —Vs-9V Vst.3V — V§-9V V 
Closed Loop ier = = _ 
11 BW Bandwidth Closed Loop Gain = +1 | — 1.5 1S MHz 
12 SR Slew Rate Rt = 10 kQ, CL = 50 pf — 2.5 — = 2.5 — V/us 
Power Supply _ = _ a 
13 PSRR Rejection +3.3V to +5.5V 112 105 dB 
Operating Supply 
14 Vs Range (Note 3) +3 :V — +8 V +3 V —~ +8 V V 
Voltage z 
Quiescent Supply ey = _ = 
15 Is Current Vs=t5V 350 600 800 uA 
Notes: . 
1. Static Sensitive Device. Unused devices should be stored in conductive 
material. 
2. Stresses above those listed under “Absolute Maximum Ratings” may cause 


permanent damage to the devices. These are stress ratings only and func- 

tional operation of the device at these or any other conditions above those 

indicated in the operational sections of the specifications is not implied. 
. Single Supply Operation: Vs = +45 V to +16 V. 


w 
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AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 


TSC911 


Typical Characteristic Curves 


- Supply Current vs Supply Current vs 
+ Supply Voltage Temperature Gain vs Phase 


PHASE (DEGREES) 
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CLOSED LOOP GAIN (dB) 


eee VOLTAGE (V) AMBIENT TEMPERATURE (°C) FREQUENCY i 
Large Signal Output Input Offset Voltage vs Positive Overload 
Switching Wave Form Common-Mode Voltage Recovery Time 
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HORIZONTAL SCALE = 20 ms/DIV 
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PRODUCT INFORMATION 


Pin Compatibility 


The CMOS TSC911 is pin compatible with the GE/Intersil 
ICL7650 chopper-stabilized amplifier. The |CL7650 must use 
external 0.1 uF capacitors connected at pins 1 and 8. With the 
TSC911 operational amplifier, however, external offset vol- 
tage error cancelling capacitors are not required. TSC911 
pins 1 and 8 are not connected internally. Pin 5 is also not 
internally connected. The ICL7650 uses pin 5 as an optional 
output clamp connection. The external chopper capacitors 
and clamp conections are not necessary when the TSC911 is 
used. External circuits connected to pins 1, 8, and 5 will have 
no effect on the TSC911. The TSC911 can be quickly evalu- 
ated in existing I|CL7650 designs. Since external capacitors 
are not required system part count, assembly time, and total 
system cost are reduced. Reliabilty is increased and printed 
circuit board layout eased by having the error storage capa- 
citors integrated on the TSC911 chip. 


The TSC911 pin-out matches many popular operational 


amplifiers — OP0O7, OPO5, ICL7650, ICL7652, 741, LM101, 
LM108, OP20, OP21, OPO8 and OPO6. In many applications 
that operate from +5 V power supplies the TSC911 will offer 
superior electrical performance and be a functional pin com- 
patible replacement. Offset voltage correction potentiome- 
ters, Compensation capacitors, and chopper-stabilization 
Capacitors can be removed when retro-fitting existing equip- 
ment designs. 


J3 =J 

soa | No TEMPERATURE DIFFERENTIAL 

i 2 Fi { AND SAME METALLIC CONNECTION 
1746 


49 


PACKAGE PIN 


Figure 1: Unwanted Thermocouple Errors Eliminated 
by Reducing Thermal Gradients and 
Balancing Junctions. 


TSC911 


Thermocouple Errors 


Heating one joint of a loop made form two different metallic 
wires Causes Current flow. This is known as the Seebeck 
effect. By breaking the loop an open circuit voltage (See- 
beck Voltage) can be measured. Junction temperature and 
metal type set the magnitude. Typical values are 0.1 uV/° Cto 
10 nV/° C. Thermal induced voltages can be many times lar- 
ger than the TSC911 offset voltage drift. Unless the unwanted 
thermocouple potentials can be controlled system perfor- 
mance will be less than optimum. 


Unwanted thermocouple junctions are created when leads 
are soldered or sockets/connectors used. Low thermo-elec- 
tric coefficient solder can reduce errors. A 60% Sn/36% Pb 
solder has one tenth the thermal voltage of common 64% Sn/ 
36% Pb solder at a copper junction. 


The number and type of dissimilar metallic junctions in the 
input circuit loop should be balanced. If the junctions are 
kept at the same temperature their summation will add to 
zero Cancelling errors (Figure 1). 


Shielding precision analog circuits from air currents — espe- 
cially those caused by power dissipating components and 
fans — will minimize temperature gradients and minimize 
thermocouple induced errors. 


Avoiding Latch-Up 


Junction isolated CMOS circuits inherently contain a parasi- 
tic p-n-p-n transistor circuit. Voltages exceeding the supplies 
by 0.3 V should not be applied to the device pins. Larger vol- 
tages can turn the p-n-p-n device on causing excessive 
device power supply current and excessive power dissipa- 
tion. TSC911 power supplies should be established either at 
the same time or before input signals are applied. If this is not 
possible input current should be limited to 1 mA to avoid trig- 
gering the p-n-p-n structure. 


Static Protection 


Input pins are protected against electrostatic fields. Static 
handling procedures should be used with all CMOS devices. 
Many companies provide services, educational! material, and 
supplies to aid electronic equipment manufacturers esta- 
blish “static safe” CMOS component handling areas. A par- 
tial company list is: 


@ 3M 
Static Control Systems Div 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 


® Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201) 561-9520 


Overload Recovery 


The TSC911 recovers quickly from output saturation. Typical 
recovery time from positive output saturation is 20 msec. 
Negative output saturation recovery time is typically 5 msec. 


13-23 


AUTO-ZEROED MONOLITHIC 
OPERATIONAL AMPLIFIER 


TSCS11 
Typical Applications 7 


10 Volt Precision Reference _— Thermometer Circuit 


RatR OR 
= 1 2 
Vout = VTEMP [rn (£224)! - Ivacr 2 
d Vout ee ies Ro eee + Ry d (VTEMP) 
dt Ry Rg Fy, dt 
= K (2.1 mv/°C) 


re ee ee 
Ry IR 


Programmable Gain Amplifier with Imput Multiplexer 
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AD7590... . 
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TSC913 


DUAL AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


FEATURES 


mg First Monolithic Dual Auto-Zeroed Operations! 
Amplifier 
m Chopper Amplifier Performance Without External 
Capacitors 
— 15 uv Vos Maximum 
— 0.15 uW/°C Vos Drift Maximum 
— Saves Cost/Assembly of Four “Chopper” Capa- 


citors 

m SO Packages Available 
m High DC Gain ................ 0.0008. 120 dB 
m Low Supply Current .................. 650 vA 
m@ Low Input Voltage Noise 

(01 16 1Q0AZ):. -3c2ccexecoreee eee esas 0.65 UVp_p 
m Wide Common-Mode 

Voltage Range ................. Vs to Vg - 2vV 
m High Common-Mode Rejection .......... 116 dB 
m Dualor Single Supply Operation... .. +3 Vto+8V 


+4.5 V to +16 V 
m Excellent AC Operating Characteristics 
— 2.5 Wus Slew Rate 
— 1.5 MHz Unity Gain Bandwidth 
m Pin Compatible to LM358, OP 14, MC1458, ICL7621, 
TLO82, TLC322 
FUNCTIONAL DIAGRAM 


INTERNAL 
OSCILL ATOR 
(fosc ~ 200 Hz) 


LOW IMPEDANCE 
OUTPUT BUFFER 


MAIN AMPLIFIER 


1 OF 2 AMPLIFIERS SHOWN 


7 
! 
! 
I 
! 
! 
1 
! 
1 
| 
| 
I 
I 
! 
1 
I 
1 
I 
J 
! 


*INTERNAL CAPACITORS. NO EXTERNAL CAPACITORS REQUIRED. 
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U.S. Patent No 4605907 


TSCS13 


GENERAL DESCRIPTION 


The TSC913 is the world’s first Complete 
monolithic dual auto-zeroed operational amplifier. The 
TSC913 sets a new standard for low power precision 
dual operational amplifiers. Chopper-stabilized or 
auto-zeroed amplifiers offer low offset voltage errors 
by periodically sampling offset error and storing correc- 
tion voltages on capacitors. Previous single amplifier 
designs required two user supplied external 0.1 uF error 
storage correction capacitors — much too large for 
on-chip integration. The unique TSC913 architecture 
requires smaller capacitors making on-chip integration 
possible. Microvolt offset levels are achieved and 
External Capacitors Are Not Required. 

The TSC913 system benefits are apparent 
when contrasted with a 7650 chopper amplifier circuit 
implementation. A single TSC913 replaces two 7650s 
and four capacitors. Five components and assembly 
steps are eliminated. | 

~The TSC913 pinout matches many popular 
dual operational amplifiers. The OP04, TLC322, LM358, 
and !ICL7621 are typical examples. In many applications 
operating from dual five volt power supplies or single 
~supplies, the TSC913 offers superior electrical per- 
formance and can be a functional, drop-in replacement. 
Printed circuit board rework is not necessary. The 
TSC913 low offset voltage error eliminates offset voltage 
trim potentiometers often needed with bipolar and low 
accuracy CMOS operational amplifiers. 

The TSC913 takes full advantage of Teledyne’s 
proprietary CMOS technology. The TSC913 650 yA 
supply current (250 wA per amplifier) makes the 
TSC913 the lowest power, precision dual operational 
amplifier available. The 250 microampere amplifier 
supply current does not compromise AC performance. 
Unity gain bandwidth is 1.5 MHz and slew rate is 2.5 
V/ps. | 

For single and quad operational amplifiers see 
the TSC911 and TSC914 data sheets. | 


DUAL AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


Ordering Information 


‘Temperature Max. Offset 
Package 


Part No. Range Voltage 
4 8-Pin ps 

TSC913ACPA Bisstic IPO Cc to 70°C 15 pV 
TSC913ACOA_ 8-Pin SO 0°C to 70°C 15 pV 
‘ 8-Pin ° P 

TSC913BCPA  Bictic pip. «°C to 70°C 30 pV 
TSC913BCOA_ 8-Pin SO 0°C to 70°C 30 pV 
P 8-Pin AES a 

TSCOIBANA = Garpip 25°C to 85°C 15 pV 
‘Tsco1sBNA = &Pin 25°C to 85°C 30 pV 

CerDIP ‘ | M 

TSC9I13AY Chip 25°C 15 pV 
TSC913BY Chip , 25°C 30 uV 


* Parts Available with 160 Hour, +125°C Burn-In. Add /BL to Part 


Number Suffix. 


Pin Configuration (SO and DIP) 
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PRODUCT INFORMATION 


TSC913 


Absolute Maximum Ratings Operating Temp. Range 


Total Supply Voltage (Vg 10°VS)isbuthoeuossedans 18 Volts WOCVICE: a accre tied obs GaP eae -25 °C to +85 °C 
Input Voltage ............6. (Vs + 0.3) to (Vg - 0.3) Volts © Device days crete conteiasavat 0°C to +70°C 
Storage Temp. Range ................ -55 °C to 150 °C Package Power Dissipation (Ta = 25 °C) 

Lead Temperature (Soldering, 10 sec) ........... 300 °C CerDiP' Package: oc. iics cies toca es be eed aes 500 mW 
Current into Any Pin ........ ccc ce cee cee eee 10 mA Plastic Package .............. ccc cence eae: 375 mW 


Electrical Characteristics: vs = +5, Ta = 25°C unless otherwise indicated. 


TSC913A TSC913B 
NO. SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 
1 Vos Input Offset Voltage Ta = 25°C _ 5 15 — 15 30 uv 
Average Temperature o 
a 0°C < Ta <= 70°C — 0.05 0.15 _ — 0.25 pVv/°C 
2 Vos/T Coefficient of Input ees ° - = oA ve 
Offset Voltage 25°C < Ta < 85°C 0.05 0.15 0.25 pV/°C 
Ta = 25°C — _— 90 = — 120 pA 
3 - Ip Sele ae 0°C <Ta<70°C = = 3 a 2 4 nA 
-25°C < Ta < 85°C — — 4 — — 6 nA 
Average Input een _ _ 10 40 A 
A los Offset Current tie eoe 0 > ge P 
Input Voltage a2 _ ae _ bs 
5 en Noise 0.1 to 1.0 Hz, Rs < 100 9 0.6 0.6 puVp-P 
Input Voltage _ _ = = : 
6 en Noise 0.1 to 10 Hz, Rs < 100 0 11 11 pVp-P 
7 “Enna: <-ommon wed Vs < Vom < V8 - 2.2 V 110-116 Ss 100 = 110 — BB 
Rejection Ratio > = , 
Common-Mode = a EE: 2 x, WYytS V 
8 CMVR Voltage Range Vs Vs -2.0 Vs Vs -2.0 
Open-Loop = ise = — dB 
9 AOL Voltage Gain RL = 10k, Vo=+4V 115 120 110 120 
10 Vout Sane. Weltage RL = 10k Vst+.3V — vé-9V Vs+.3V — v§-9V V 
Closed Loop ee _ a = == 
11 BW Bandwidth Closed Loop Gain = +1 1.5 1.5 MHz 
12 SR Slew Rate Rt = 10 kQ, CL = 50 pf — 2.5 — — 2.5 — V/s 
13 PSRR edi tolaa +3.3<Vg<+55V 110 e a 100 me 2s dB 
ejection 
Operating Supply 
14 Vs Voltage +3 V — +8 V +3 °V — +8 V V 
Range (Note 3) 
Quiescent Supply Current ,,. _ _ = = A 
Notes: 
1. Static Sensitive Device. Unused devices should be stored in conductive 
material. 


2. Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the devices. These are stress ratings only and func- 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 

3. Single Supply Operation: Vs = +4.5 V to +16 V. 


13-27 


TSC913 


Typical Characteristic Curves 
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Common-Mode Voltage 


~ 1 Banal 


Ww | Ver t5V 


Zz 
(Eee ees 1 im es 3.0 4.0 
INPUT COMMON-MODE VOLTAGE 


Negative Overload 
Recovery Time — 


= 10 kQ. HS 
Hh mer YT TT 
4 Lt | | blew 


3 
7H] 
oO 
Be 
w 


i i 
2V/DIV 


HORIZONTAL SCALE = 20 ms/DIV 
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CLOSED LOOP GAIN (dB) 


-. DUAL AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


Gain vs Phase © 
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HORIZONTAL SCALE = 20 ms/DIV 


PRODUCT INFORMATION 


Theory of Operation 


Each of the TSC913’s two op amps actually consists of two 
amplifiers. A main amplifier is always connected from the 
input to the output. A separate nulling amplifier alternately 
nulls its own offset and then the offset of the main amplifier. 
Since each amplifier is continuously being nulled, offset 
voltage drift with time, temperature and power supply varia- 
tions Is greatly reduced. 


All nulling circuitry is internal, and the nulling operation is 
transparent to the user. Offset nulling voltages are stored on 
two internal capacitors. An internal oscillator and control 
logic, shared by the TSC913’s two amplifiers, control the 
nulling process. 


Pin Compatibility 

The TSC913 pinout is compatible with the OP14, LM358, 
MC1458, LT1013, TLC322, and similardual op amps. In many 
circuits operating from single or +5 V supplies, the TSC913 is 
a drop-in replacement which will offer DC performance rival- 
ing that of the best single op amps. 


The TSC913 amplifiers include a low impedance class AB 
output buffer. Some previous CMOS chopper amplifiers have 
used a high impedance output stage which made open-loop 
gain dependent on load resistance. The TSC913 open-loop 
gain is not dependent on load resistance. 


Overload Recovery 


The TSC913 recovers quickly from output saturation. Typical 
recovery time from positive output saturation is 20 msec. 
Negative output saturation recovery time is typically 5 msec. 


TSC913 


Avoiding Latch-Up 


Junction isolated CMOS circuits inherently contain a parasi- 
tic p-n-p-n transistor circuit. Voltages exceeding the supplies 
by 0.3 V should not be applied to the device pins. Larger vol- 
tages can turn the p-n-p-n device on causing excessive 
device power supply current and excessive power dissipa- 
tion. TSC913 power supplies should be established either at 
the same time or before input signals are applied. If this is not 
possible input current should be limited to 1 mA to avoid trig- 
gering the p-n-p-n structure. 


Static Protection 


Input pins are protected against electrostatic fields. Static 
handling procedures should be used with all CMOS devices. 
Many companies provide services, educational material, and 
supplies to aid electronic equipment manufacturers esta- 
blish “static safe’ CMOS component handling areas. A par- 
tial company list is: 


e 3M 
Static Control Systems Div 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 


e Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201) 561-9520 
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ENGINEER: __ 
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PROJECT: eee 
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TSC914 


QUAD AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


FEATURES 


m First Monolithic Quad Auto-Zeroed Operational 
Amplifier 

m Chopper Amplifier Performance Without External 
Capacitors 
— 15 LN Vos 
— 0.15 uVW/°C Vos Drift 
— Saves Cost/Assembly of Eight “Chopper” Capa- 


citors 
m High DC Gain ......................5. 110 dB 
m Low Supply Current .................. 1.5 mA 
m Wide Common-Mode Voltage Range. . Vs to V5 -2V 
m High Common-Mode Rejection ......... 110 dB 
= Dualor Single Supply Operation. ... . +3 Vtot8V 


+4.5 V to +16 V 
m Excellent AC Operating Characteristics 
— 2.5 V/us Slew Rate 
— 1.5 MHz Unity Gain Bandwidth 
= Pin Compatible to LM348, TLC274, LM324, OP11, 
ICL7641/42 


FUNCTIONAL DIAGRAM 


Vog CORRECTION AMPLIFIER | Ay reces 


INTERNAL 
OSCILL ATOR 
(fosc ~ 200 Hz) 


LOW IMPEDANCE 
OUTPUT BUFFER 


MAIN AMPLIFIER 


1 OF 4 AMPLIFIERS SHOWN 


*INTERNAL CAPACITORS. NO EXTERNAL CAPACITORS REQUIRED. 


U.S. Patent No 4605907 
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TSC914 


GENERAL DESCRIPTION 


The TSC914 is the world’s first complete mono- 
lithic quad auto-zeroed operational amplifier. The 
TSC914 sets a new standard for low power precision 
quad operational amplifiers. Chopper-stabilized or 
auto-zeroed amplifiers offer low offset voltage errors 
by periodically sampling offset error and storing correc- 
tion voltages on capacitors. Previous single amplifier 
designs required two user supplied external 0.1 uF error 
storage correction capacitors — much too large for 
on-chip integration. The unique TSC914 architecture 
requires smaller capacitors making on-chip integration 
possible. Microvolt offset levels are achieved and 
External Capacitors Are Not Required. 

The TSC914 system benefits are apparent 
when contrasted with a 7650 chopper amplifier circuit 
implementation. A single TSC914 replaces four 7650s 
and eight capacitors. Eleven components and assembly 
steps are eliminated. . 

~ The TSC914 pinout matches many popular 
quad operational amplifiers. The OP11, TLC274, 
LTC1014, LM348, andICL7642/41 are typical examples. 
In many applications operating from dual five volt 
power supplies or single supplies, the TSC914 offers 
superior electrical performance and can be a functional, 
drop-in replacement. Printed circuit board rework is 
not necessary. The TSC914 low offset voltage error 
eliminates offset voltage trim potentiometers often 
needed with bipolar and low accuracy CMOS oper- 
ational amplifiers. 

The TSC914 takes full advantage of Teledyne’s 
proprietary CMOS technology. The TSC914 1.5 mA 
supply current (250 wA per amplifier) makes the 
TSC914 the lowest power, precision quad operational 
amplifier available. The 250 microampere amplifier 
- supply current does not compromise AC performance. 
Unity gain bandwidth is 1.5 MHz and slew rate is 2.5 
V/us. 

For single and dual operational amplifiers see 
the TSC911 and TSC913 data sheets. 
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QUAD AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


Ordering Information 


Temperature Max. Offset 


Part No. Package 


Range Voltage 
. | 14-Pin — i 
TSCOI4ACPD ptt pip (0°C to 70°C 15 pV 
‘Tscot4Bcpp Pin. 0°C to 70°C 30 pV 
mer Plastic DIP B 
‘tscov4auuD PIN 506 to 85°C 45 pV 
~ CerDIP u 
‘tscov4BiuD “PIN _o606 to 85°C 30 iV 
CerDIP. | M 
TSCOI4AY Chip 25°C 15 pV 
TSC9O14BY Chip 25°C SO WV 


* Parts Available with 160 Hour, +125°C. Burn-in. Add /BL to Part 


Number Suffix. 


Pin Configuration 


PRODUCT INFORMATION 


Absolute Maximum Ratings 

Total Supply Voltage (V8 to Vs) : ... 18 Volts 
Input Voltage (Vs + 0.3) to (Vs - 0.3) Volts 
Storage Temp. Range -55 °C to 150 °C 


oe eee ecw eee eee eee 


oe ee eee eee we eo wo ew wo 


TSC914 


Operating Temp. Range 
| Device 
C Device 
Package Power Dissipation (Ta = 25 °C) 


-25 °C to +85 °C 
0 °C to +70 °C 


Ce 


Ce ee) 


Lead Temperature (Soldering, 10 sec) ........... 300 °C CerDiP Package: ini:dadso eugene bemoan ated es 500 mW 
Current into Any PIN: G.issaectsaanieinkave de ved. 10 mA Plastic: Package: Seiuswarieude woe vba s adders cous 375 mW 
Electrical Characteristics: vs = +5, Ta = 25°C unless otherwise indicated. 
TSC914A TSC914B 
NO. SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 
1 Vos Input Offset Voltage Ta = 25°C — 5 15 — 15 30 pV 
Average Temperature S ° 
oe 0°C < Ta S$ 70°C — 0.05 0.15 — — 0.25 ywV/°C 
2 Vos/T Coefficient of Input - ‘ Pei _ _ ° 
Offset Voltage -25°C < Ta < 85°C 0.05 0.15 0.25 puV/°C 
| Ta = 25°C = — 90 = me 120 pA 
3 Ib leet OC <Ta<70°C 2 a 3 = = 4 nA 
~25°C < Ta < 85°C — — 4 — Be oa 6 nA 
Average Input — 950 = = 4 3A 
: los Offset Current Dare g = ss ; : 
Input Voltage __ = _ yp 
5 en Noise 0.1 to 1.00 Hz, Rs <= 100 0 0.6 0.6 aa j 
6 en wnpor Voltage 0.1 to 10 Hz, Rs < 100 9 sz 1 = = 11 — Vp-p 
Noise : ae _ 
7 GONIRR:. <2ommon-Mode VS < Vem < V8 - 2.2V 110-116 = 100 ~=—-110 = dB 
Rejection Ratio 7 mS ; . 
Common-Mode = + = ace UR 
8 CMVR Voltage Range Vs — Vs -2.0 Vs Vs -2.0. V 
Open-Loop st = as —_ B 
9 AOL Voltage Gain RL. =10kQ, Vo =+4V 115 120 110 120 d 
10. Vout ae Wotlage RL = 10 kQ Ve+.3V — ve-9V Vst.3V — v$-9V V 
Closed Loop fe = " _ 
11 BW Bandwidth Closed Loop Gain = +1 — 1.5 1.5 MHz 
12 SR Slew Rate Rt = 10 kO, Ci = 50 pf — 2.5 — — 2.5 — V/s 
13 PSRR = GONE" Supply 43.3<Vg<+55V 110 = eS 100 = = dB 
ejection 
Operating Supply 
14 Vs Voltage +3 V — +8 V +3 -V — +8 V V 
Range (Note 3) 
Quiescent 
15 Is Supply Current Vs=t5V — — 1:6 _ — 2.2 mA 
(Four Amplifiers) 
Notes: 


1. Static Sensitive Device. Unused devices should be stored in conductive 
material. 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the devices. These are stress ratings only and func- 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 


. Single Supply Operation: Vs = +4,.5 V to +16 V. 


2. 
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TSC914 


Typical Characteristic Curves 
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HORIZONTAL SCALE = 20 ms/DIV 
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CLOSED LOOP GAIN (dB) 


QUAD AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


Gain vs Phase 
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PRODUCT INFORMATION 


Theory of Operation 


Each of the TSC914’s four op amps actually consists of two 
amplifiers. A main amplifier is always connected from the 
input to the output. A separate nulling amplifier alternately 
nulls its own offset and then the offset of the main amplifier. 
Since each amplifier is continuously being nulled, offset 
voltage drift with time, temperature and power supply varia- 
tions is greatly reduced. 


All nulling circuitry is internal, and the nulling operation is 
transparent to the user. Offset nulling voltages are stored on 
two internal capacitors. An internal oscillator and control 
logic, shared by the TSC914’s four amplifiers, control the 
nulling process. 


Pin Compatibility 

The TSC914 pinout is compatible with the OP11, LM324, 
LM348, LT1014, TLC274, and similar quad op amps. In many 
circuits operating from single or +5 V supplies, the TSC914 is 
a drop-in replacement which will offer DC performance rival- 
ing that of the best single op amps. 


The TSC914 amplifiers include a low impedance class AB 
output buffer. Some previous CMOS chopper amplifiers have 
used a high impedance output stage which made open-loop 
gain dependent on load resistance. The TSC914 open-loop 
gain is not dependent on load resistance. 


Overload Recovery 


The TSC914 recovers quickly from output saturation. Typical 
recovery time from positive output saturation is 20 msec. 
Negative output saturation recovery time is typically 5 msec. 
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Avoiding Latch-Up 


Junction isolated CMOS circuits inherently contain a parasi- 
tic p-n-p-n transistor circuit. Voltages exceeding the supplies 
by 0.3 V should not be applied to the device pins. Larger vol- 
tages can turn the p-n-p-n device on causing excessive 
device power supply current and excessive power dissipa- 
tion. TSC914 power supplies should be established either at 
the same time or before input signals are applied. If this is not 
possible input current should be limited to 1 mA to avoid trig- 
gering the p-n-p-n structure. 


Static Protection 


Input pins are protected against electrostatic fields. Static 
handling procedures should be used with all CMOS devices. 
Many companies provide services, educational material, and 
supplies to aid electronic equipment manufacturers esta- 
blish “static safe’ CMOS component handling areas. A par- 
tial company list is: 


e 3M 
Static Control Systems Div 
223-23W EM Center 
St. Paul, MN 55101 
(800) 792-1072 


e Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(201) 561-9520 


Notes 


ENGINEER: __ 


DEPT: 
PROJECT: a 
DESCRIPTION 
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TSC915 


HIGH-VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


FEATURES 
m@ High-Voltage Operation ................ +15 V 
m Low Offset Voltage ................ 10 uV Max. 
m Low Offset Voltage Drift ............ 0.2 uv/°C 
m= Low Input Bias Current .......... 200 pA Max. 
m High Open-Loop Voltage Gain ......... 140 dB 
m= Wide Common-Mode 

Voltage Range ................ -15 V to +13 V 
m@ Low Input Voltage Noise 

(ON 30°02) 3 ora een ease vaweeems 0.2 V/p_p 
m Low Supply Current .................... 1mA 
m Single Supply Operation ............ 7.to 32 V 
m= Pin Compatible with I1CL7650 
= 


Output Clamp Speeds Overload Recovery Time 


OUTPUT 
CLAMP 
CIRCUIT 
TSC915 
| B 


LOW OUTPUT IMPEDANCE 
UFFER 


FUNCTIONAL DIAGRAM 


Cc 


B 
ft TO Vg OR Cp 
c 


A 


CLK OUT 
14-PIN DIP ONLY 
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GENERAL DESCRIPTION 


The TSC915 is a high-voltage, high performance 


CMOS chopper-stabilized operational amplifier. The 
TSC915 can operate from the same +15 V power 
supplies as are commonly used to power bipolar op 
amps such as the OPO7 and 741. Previous CMOS 
chopper amplifiers, such as the 7650, were limited to 
operating from 7.5 V supplies. 

~The TSC915 maximum: Vos specification | is 
only 10 LN, almost a factor of seven improvement over 
the industry standard OP0O7E. The maximum Vos drift 
of 0.1 wV/°C is twelve times less. than the OPO7E. Input 
bias and offset currents, both only 100 pA maximum, 
are factors of 20 improvements. : 

In addition to low initial offset errors, the 
nulling circuitry ensures excellent performance over 
time and temperature. Long term drift, which results in 
periodic recalibration, is effectively eliminated. The 
nulling circuitry continues to operate over the full 
temperature range, whereas laser and “zener zap” 
trimming are only done at a single temperature. The 
result is a significant decrease in temperature-induced 
errors. | 
. The TSC915 operates from dual or single 
power supplies. Supply current is typically 1 mA with 
+15 V supplies. Single supply operation extends from 
+7 V to +32 V, and the input common-mode range 
extends to Vs~. For battery operation, see the low- 
power TSC900 data sheet. | 

Open- loop gainis 120 dB minimum witha 10 kQ 
load. Unlike the 7650, the TSC915 gain is independent 
of load resistance. The low impedance output will drive 
a 10 kQ) load to +14 V. An output clamp circuit is 
provided to minimize overload recovery time. 

The TSC915 uses two amplifiers to correct 
offset voltage errors. A main amplifier is always in the 
signal path, which prevents switching spikes at the 
output. A separate nulling amplifier alternately corrects 
its own Vos error and then the main amplifier’s Vos 
error. Only two external capacitors are required, to 
store the nulling error voltages. All active nulling 
circuitry, including switches and oscillator, are included 
on the chip. 7 


HIGH-VOLTAGE AUTO-ZEROED 
~~ OPERATIONAL AMPLIFIER 


— The TSC915 does not require complicated 
processing and testing procedures associated: with 
laser or “zener zap” Vos trimming schemes. Simplified 
fabrication and high yields combine to make the 
TSC915 one of the.lowest priced precision op amps 
available. The TSC915 is available in 8-pin and 14-pin 
plastic or CerDIP packages. Dice are avallanle for 
hybrid applications. 


Ordering Information 


Temperature Max 


Part No. © Package _ ‘Range Vos 
| 8-Pin Oe : 

TscaIscPA Br 0°C to #70°C 10 pV 
TSCOISIJA 8-Pin -25°C to +85°C 10 nw 

~CerDIP M 
Tscgiscpp — 4Pin O°C to +70°C = 10. pV 

Plastic DIP M 

14-Pin é 

_ TSOSISISD ae: -25°C to 85°C 10 pV 


Pin Configuration 


~ 


TSC915 


NC = NO INTERNAL CONNECTION 
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TSC915 


Absolute Maximum Ratings Operating Temp. Range 


Total Supply Voltage (Vg tO VS) sisaivestadveosde 36 Volts | | DEVICE: 2s ches ees eeeed thet eedeeces -25°C to +85°C 
Input voltage ............... (Vg + 0.3) to (Vs - 0.3) Volts CO DEVICE: icartc eae issiecuaenennsts 0°C to +70°C 
Storage Temp. Range .................. -55°C to 150°C Package Power Dissipation (Ta = 25°C) 

Lead Temperature (Soldering, 10 sec) ............ 300°C CerDiP Package: o..c. eetveese eens es oueeee ys 500 mW 
Current into Any Pin .......... ccc cece eee eee eee 10 mA Plastic Package: -...30i4 s<24 ees deensieeteiees: 375 mW 


Electrical Characteristics: vs = +15 v, Ta = 25°C unless otherwise indicated. 


TEST TSC915 
NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
1 Vos Input Offset Voltage Ta= 25°C — — 10 uV 
Average Temperature a . _ o 
2 Vos/T Coefficient of Input eae es Lee = ae ae anes 
Offset Voltage re ‘< 
Ta = 25°C — 30 100 pA 
5 ta Bian vent oC STAs 70-0 a a ae 
-25°C < Ta < 85°C — — 10° nA 
Average Input — 9R0 _ 
4 los Offset Current TA = 25°C 50 100 pA 
Input Voltage _ = 
5 en NOISe 0.1 to 1.0 Hz, Rs < 1000 0.2 puVp-P 
6 en eae 0.1 to 10 Hz, Rs < 100 9 — 0.8 — —_uVP-P 
oise 
Common-Mode - + = 
7 CMRR Rejection Ratio Vs < Vom SVs -2 120 140 dB 
Common-Mode = 5 
8 CMVR Voltage Range Vs — Vs-2.0 V 
Open-Loop 2 - = 
9 AOL Voltage Gain RL = 10k0, Vo =+10V 120 140 dB 
10 Vout Output Voltage Swing RL = 10 ka Vst1V — V§-1.2V Vv 
Closed-Loop a oe = 
11 BW Bandwidth Closed-Loop Gain = +1 — 0.5 MHz 
12 SR Slew Rate Ri. = 10 kQO, Ci = 50 pf — 0.5 — V/s 
Power Supply soup + ia 
13 PSRR Rejection Vs =+5 to +15 V 120 140 dB 
14 Vs Operating Supply (Note 3) +3.5 V —~ +16 V V 
: Voltage Range aid . a 
15 Is Quiescent Supply Vg =2t15 V aa 1.0 1.5 mA 
Notes: . 
1. Static Sensitive Device. Unused devices should be stored in conductive 
material. 


2. Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the devices. These are stress ratings only and func- 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 

3. Single Supply Operation: Vg = +7 V to +82 V. 
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Theory of Operation 


Figure 1 shows the major elements of the TSC915. There: are 
- two amplifiers: the main (signal) amplifier and the nulling 
amplifier. Both of these have offset nulling capability. The 
main amplifier is always connected to the output. The nulling 
amplifier alternately samples and adjusts its own offset, and 
then the offset of the main amplifier. 


A two-phase operation nulls the main amplifier. During the 
first phase the A pair of switches close, while the B switches 
open. The nulling amp’s inputs are shorted and its output is 
fed back to the nulling input. Capacitor Ca charges to a volt- 
age which will maintain the nulling amp in its nulled state. 


During the second phase, the B switches close and the A 
- switches open. The nulling amp’s inputs now sample the off- 
set voltage of the main amp. The nulling amp drives the main 
~ amp’s nulling input to cancel the main amplifier’s offset volt- 
age. Capacitor Cp stores the nulling voltage of the main amp- 
lifier while the nulling amp is being nulled on the next cycle. 


MAIN : 
AMPLIFIER 


al 


NULL ~ 
AMPLIFIER 
TSC915 . 


HIGH-VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


The TSC915 design also incorporates an additional output 
buffer stage. The buffer provides a low impedance output 
traditionally associated with bipolar op amps. Some CMOS 
chopper-stabilized amplifiers, such as the 7650, have a high 
output impedance which makes open- loop gain proportional 
to load resistance. The TSC915 open-loop gain is not depen- 
dent on load resistance. 


Pin Compatibility 


Since the TSC915 operates from the same +15 V power sup- 


plies as do bipolar op amps, upgrading existing circuits is 


simple. The bipolar op amp’s nulling and compensation com- 


‘ponents are removed, and the TSC915 nulling capacitors are 


added. 


On the 8-pin mini-DIP TSC915 the external null storage 
capacitors are connected to pins 1 and 8. On most other 
operational amplifiers these are left open or are used for off- 
set potentiometer or compensation capacitor connections. 


O OUTPUT 


LOW IMPEDANCE 
BUFFER 


G : 
EXTERNAL 


CAPACITORS 


ty 


Figure 1: TSC915 Contains a Nulling and Main Amplifier. Offset Correction Voltages are Stored on ie External 


Capacitors. 
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For OPO5 and OP0O7 operational amplifiers, replacing the 
offset null pot between pins 1 and 8 with two capacitors from 
the pins to Vs will convert the OP05/07 pin configuration for 
TSC915 operation. The 741 is easily upgraded by removing 
the nulling pot between pin 4 and pins 1 and 5, then connect- 
ing capacitors from pin 4 to pins 1 and 8. For LM108 devices 
the compensation capacitor is replaced by the external null- 
ing capacitors. The LM101/748/709 pin outs are modified 
similarly by also removing any circuit connections to pin 5. 
On the TSC915, pin 5 is the output clamp connection. Other 
operational amplifiers may use this pin as an offset or com- 
pensation point. 


The minor modifications needed to retrofit a TSC915 into 
existing sockets make prototyping and Circuit verification 
straightforward. 


14 PIN PACKAGE 8 PIN PACKAGE 


(PIN 8 iS CONNECTED TO 
PIN 7 INTERNALLY) 


Figure 2: Nulling Capacitor Connection 


Nulling Capacitors 


The offset voltage correction capacitors are connected to Ca 
and Cg. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (Cr, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
voltage drops. 
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Internally Vs is connected to Cr. 


Ca and Cg should be 0.1 uF film capacitors. Mylar capacitors 
are suitable. 


Component Selection 


The two required capacitors, Ca and Cp, have optimum 
values depending on the clock or chopping frequency. For 
the preset internal clock, the correct value is 0.1 uF. To main- 
tain the same relationship between the chopping frequency 
and the nulling time constant, the capacitor values should be 
scaled in proportion to the external clock if used. High-quality 
film-type Capacitors such as mylar are preferred. Ceramic or 
other lower-grade capacitors may be suitable in some appli- 
cations. For fast settling on initial turn-on, low dielectric 
absorption capacitors (such as polypropylene) should be 
used. With ceramic Capacitors, several seconds may be re- 
quired to settle to 1 wV. 


Clock Operation 


The internal oscillator is set for a 1000 Hz nominal frequency 
on both the 8 and 14-pin dual-in-line packages. With the 
14-pin DIP TSC915, the 250 Hz internal frequency is available 
at the internal clock output (Pin 12). A 1000 Hz nominal signal 
will be present at the external clock input pin (Pin 13) with 
INT/EXT high or open. This is the internal clock signal before 
a divide by four operation. 


The 14-pin DIP device can be driven by an external clock. 
The INT/EXT input (Pin 14) has an internal pull-up and may 
be left open for internal clock operation. If an external clock 
is used INT/EXT must be tied to Vs (Pin 7) to disable the 
internal clock. The external clock signal is applied to the 
external clock input (Pin 18). 


The external clock amplitude should swing between Vs and 
ground for power supplies up to +6 V and between Vgand V§ 
~6 V for higher supply voltages. When the external clock is 
generated by +5 V logic, capacitive coupling to Pin 13 
(through a 0.1 uF capacitor) will provide adequate drive. 


At low frequencies the external clock duty cycle is not critical 
since an internal divide by four gives the desired 50% switch- 
ing duty cycle. The offset storage correction capacitors are 
charged only when the external clock input is high. A 50-80% 
external clock positive duty cycle is desired for frequencies 
above 500 Hz to guarantee transients settle before the inter- 
nal switches open. 


TSC915 


The external clock input can also be used asa strobe input. If 
a strobe signal is connected at the external clock input so 
that it is low during the time an overload signal is applied, 
neither capacitor will be charged. This function can be used 
to prevent input transients from overloading the nulling cir- 
cuitry. The leakage currents at the capacitor pins are very 
low, so Offset voltage drift during strobe operation is mini- 
mized. 


Output Clamp | 


Chopper-stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
output saturation occurs. The inputs are no longer held at a 
“virtual ground.” The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the exter- 
nal capacitors. The-nulling circuit also saturates. Once the 
input signal returns to normal, the response time is length- 
ened by the long recovery time of the nulling amplifier and 
external capacitors. 


Through an external clamp connection, the TSC915 elimi- 
“nates the overload recovery problem by reducing the feed- 
-back network gain before the output voltage reaches either 
supply rail. 


The output clamp circuit is shown in Figure 3 with typical in- 
verting and non-inverting circuit connections shown in 
Figure 4 and 5. For the clamp to be fully effective, the imped- 
ance across the clamp output should be greater than 100 kf. 


When the clamp is used, the clamp “OFF” leakage will add to 
input bias current. However, clamp leakage in the “OFF” 
state is typically only 1 pA. . . 


INTERNAL 
POSITIVE CLAMP BIAS © Vt — V7 = Vt —0.7V 


zh P CHANNEL 


OUTPUT 
CLAMP 
PIN 


————._ NCHANNEL 


INTERNAL; 
NEGATIVE CLAMP BIAS ~ V— + Vy 
=V—-+0.7V 


TSC915 
OUTPUT 
PIN 


Figure 3: Internal Clamp Circuit 


HIGH-VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


*CONNECT TO VE 
ON 8 PIN DIP 


R3 + (R1/R2) > 100k 
FOR FULL CLAMP EFFECT 


Figure 4: Non-Inverting Amplifier with Optional 
Clamp — 


(Rq li Rg) > 100 ko 
FOR FULL CLAMP EFFECT 


CONNECT CAPACITORS TO 
Vg WITH 8-PIN PACKAGE O.1uF 0.1 uF 


Figure 5: Inverting Amplifier with Optional Clamp 


Input Bias Current 


The TSC915 inputs are never disconnected from the main 
internal amplifier. The null amplifier samples the input offset 
voltage and corrects DC errors and drift by storing compen- 
sating voitages on external capacitors. The sampling causes, 
however, charge transfer at the inputs. 


The impulse current is not usually a problem, because the 
amount of charge transferred is very small. Care should be 
exercised, however, when replacing high input bias current 
bipolar op amps. Conventional design practice is to cancel 
bias current by matching the input impedances (Figure 6a). 


~The TSC915 has an input bias current of only 100 pA maxi- 


mum, so the additional resistor is not necessary. In fact, in- 
cluding the resistor will make the charge injection current, 
passing through the impedance balancing resistor, appear as 
a noise source. When replacing an existing op amp with the 
TSC915, either omit the resistor or bypass it to ground witha 
capacitor (Figure 6b). 
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OFFSET 
NULLING 


FREQUENCY 


BIAS CURRENT COMPENSATION 


CANCELLATION RESISTOR —15V 


(a) High Input Bias Current Op Amp 


Figure 6: Input Bias Current Cancellation 


Latch-Up Avoidance 


Junction-isolated CMOS circuits inherently include a para- 
sitic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be estab- 
lished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 


Static Protection 


All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 


Typical Characteristic Curves 


Supply Current. 
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Input Offset Voltage vs 
Common-Mode Voltage 


TSC915 


Ip = 100 pA, MAX 


| eaten ea | 


0.1 pF 


OFFSET 


OMIT OR BYPASS NULLING 


RESISTOR WITH TSC915 


(b) Low Input Bias Current TSC915 


diode junction characteristics and increase input-leakage 
currents. 


Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manufac- 
turers in establishing “static safe” work areas where CMOS 
components are handled. A partial company listing is: 


@ 3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 


® Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 
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Typical Characteristic Curves (Cont.) 


Output Voltage Swing 
vs Load Resistance 


ian 


svi 


= 
ind 


© 


2 
jd 
Bama 
——s 


COMMON-MODE RANGE (V) 


OUTPUT VOLTAGE SWING (V) 
a 


100 2 10 kQ 100 kQ TMQ 
ere RESISTANCE 


Ww 


Input Voltage Noise 


Negative Overload 
Recovery Time — 


» | INPUT VERTICAL 
SCALE = 2V/DIV ov 
eA 
OUTPUT VERTICAL 
_|SCALE = 5V/DIV 
opto 1 TTT Td 


HORIZONTAL SCALE = 50 ms/DIV. ° . 


La + + t+ = 
SUPPLY VOLTAGE (V) 


13-44 


INPUT OFFSET VOLTAGE (xV) 


input Common-Mode Voltage 
Range vs Supply “4 


2.0 
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TSC918 
LOW COST OPERATIONAL AMPLIFIER 


FEATURES 
@ Low Power Supply Current ...... 800 WA Max. 
m@ Low Input Offset Voltage .......... 50 uV Max. 
w Low Input Offset Voltage Drift. . . 0.8 uV/°C Max. 
@ High Impedance Differential 
CMOS Inputs ................ 2.0.0 008. 1012 CQ) 
mg High Open Loop Voltage Gain .... 100 dB Min. 
m Low Input Noise Voltage ............ 0.3 UVp_p 
m= Compensated Internally for Stable Unity Gain 
Operation 
m@ High Common Mode Rejection ..... 98 dB Min. 


m SO Packages Available 


FUNCTIONAL DIAGRAM 


CLAMP OUTPUT 
O 


4~- TSC918 OUTPUT 
CLAMP 
CIRCUIT 


CORRECTION 
CIRCUIT 
14-PiIN PACKAGE ONLY 


O INT/EXT 


EXT CLK 
OSCILL ATOR & INPUT 


PACKAGE CONTROL CIRCUIT 


INTERNAL 


O CLOCK 
OUTPUT 
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TSC918 


GENERAL DESCRIPTION 


The TSC918 is a general purpose, low cost 
CMOS operational amplifier. By sampling input offset 
voltage periodically and storing compensating voltages 
on external capacitors low offset voltage errors are 
possible. The correction circuits compensate offset 
voltage drift with temperature and time. Offset voltage 
temperature coefficient is 0.8 uV/°C maximum. Maxi- 
mum Vog is 50 pV. 

The TSC918 performance advantages are 
achieved without the manufacturing complexity and 
cost incurred with laser or “zener zap” Vog trim 
techniques. The TSC918 offers a 0.2 VW/us slew rate and 
a 700 kHz unity gain bandwidth. Open loop voltage 
gain is 100 dB. 

Operating from +5 V supplies the CMOS 
TSC918 power dissipation is under 10 mW. In +5 V only 
systems the TSC7660 DC-to-DC converter can supply 
the TSC918 negative supply potential. The TSC918 will 
also operate from a single +5 supply. 

For lower power dissipation and offset voltage 
errors, see the TSC900 and TSC7650/7650A specifi- 
cations. 


Ordering Information 


Temperature Max 
Part No. Package Range Vos 
8-Pin ° oe 
TSC918CPA . Plastic Dip ve to +70°C 50 pV 
TSC918COA =: 8-Pin SO COM 50 yV 
8-Pin ne eee 
TSC918IJA CerDIP 720°C to +85 C | 50 pV 
14-Pin er 
TSC918CPD Plastic DIP COM 50 uV 
TSC918COD ~—_14-Pin SO COM 50 pV 
-14-Pin 
TSC918IJD CerDIP IND 50 pV 


Pin Configuration 


NC = NO INTERNAL CONNECTION 


Note: For SO and DIP Packages, see Data Sheet 
TSC911 on page 13-20. 
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Absolute Maximum Ratings 


Total Supply Voltage (V§ to Vs) : ... 18 Volts 
Input Voltage (Vs + 0.3) to (Vs - 0.3) Volts 


Current into Any Pin 
While Operating (Note 4) 
Operating Temp. Range 


Oe 


oeoeer eee eee ere wn eee eee 


Nia Se en aa | DEVIER® cused bree mbtatenseevessax 220 CIO 785°C 
Storage Temp. Range .................. -55°C to 150°C C Device 0°C to +70°C 
; po 60Cl(té(sSC SD OVICR 5 oe eatin teat seer eee hers 
Lead Temperature (Soldering, 10 SOC)  <tcskge ses 300 C Package Power Dissipation (Ta = 25°C) 
Voltage on Oscillator Control Pins ............. Vs to Vs 
Ouiout Shon Clrecic Dura icdarnis CerDIP Package ......... ccc cece cee ce ene cnees 500 mW 
ae SE NOON ac pee re aie ate OE Plastic Package: s0s40 dea che tere Poo RO tee ees 500 mW 
Electrical Characteristics: vg = +5 v, vs = -5 V, Ca = Cp = 0.1 uF. Ta = 28°C. 
TEST  TSC918 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
1 Vos Input Offset Voltage Ta = +25°C — — 50 pV 
9 AVos Input Offset Voltage Operating Temp pe 
AT Average Temp. Coefficient Range (Note 1) _ 0.4 0.8 wV/'G 
Average 
| 3. IBIAS Input Bias Ta = + 25°C — — 100 pA 
N Current (Note 7) 
‘ 4 los Input Offset Current Ta=+ 25°C — 0.5 _ pA 
T Rs = 100 0 
5 €np-p Input Noise Voltage Ane 40 Hz Te 4 — uVp-p 
Rs = 100 0 
6 €np-p Input Noise Voltage ee ee — 0.3 — uVp-p 
7 ~~ Rin Input Resistance — 1012 — Q 
Common-Mode 
8 CMVR Voltage Range -5.0 +2.0V V 
9 CMRR emer Mode CMVR = -5 V to +2.0 V 98 «115 = dB 
Rejection Ratio 
O 10 Av Large-Signal Voltage Gain R_ = 10 kQ 100 130 — dB 
U 
T 41 Vout Output Voltage Ri = 25 kf. -4.7 — +3.5 Vv 
P Swing (Note 3) Ri = 100 kO. -4.9 — +3.9 
ed 12 Clamp ON Current (Note 2) Rt = 100 kf 20 90 200 uA 
13 Clamp OFF Current (Note 2) -4.0 V< VoutT<+40V — 1 — pA 
D , 
Y Unity 
N 14 Bw Gain Unity Gain (+1) — 0.7 — MHz 
A Bandwidth 
7 CL = 50 pF 
I L = p ’ ae. 8 
c 15 Sr Slew Rate RL = 10k 0.2 V/uSs 
Ss + = Operating | 
U 16 VstoVs Supply Range 4.5 —_— 16 V 
7 Is Supply Current No Load —~ 300 800 uA 
L Power Supply _ 
Y 18 PSRR Rejection Ratio Vs=+t3Vtot8V 105 — — dB 
Notes: 


1. Operating temperature range is -25°C to +85°C for “I” grade and 0°C to 
+70°C for “C” grade. 

2. See OUTPUT CLAMP discussion. 

. OUTPUT CLAMP not connected. 

. Limiting input current to 100 wA is recommended to avoid latch-up 
problems. 

. Static Sensitive Device. Unused devices must be stored in conductive ma- 
terial to protect devices from possible static damage. 


OW 


an 


6. Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and func- 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

7. Average current caused by switch charge transfer at input. 
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LOW COST OPERATIONAL AMPLIFIER 


TSC918 


OP Amp Performance Comparison 
The TSC918 is a low cost, low power, precision amplifier. A 


comparison between the TSC918 and other amplifiers is - 


shown in Figure 1 below. 


Supply Current vs 
Offset Voltage 


10.0 PH 


az 
HTS por 6 

maa CA3160 
eth eases 6 Tl 


CL7611 B| i 
IKG 100 Al 


100 uV ImV 
MAXIMUM OFFSET VOLTAGE 


MAXIMUM SUPPLY CURRENT (mA) 
AT RATED SUPPLY VOLTAGE 


Maximum Vos vs Vos Drift 


= 25°C) 


tte seat email 


= vsc918 Sesetimemetit 
ae ae HTH ie ttt 


MAXIMUM OFFSET VOLTAGE DRIFT (uV/°C) 


’ MAXIMUM OFFSET VOLTAGE (T, 


Figure 1 


Nulling Capacitors 


The offset voltage correction capacitors are connected to Ca 
and Cp. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (Cr, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
voltage drops. 


Internally Vs is connected to Cr. 


Ca and Cg should be 0.1 uF film capacitors. Mylar capacitors 
are suitable. 


7" 


TSC918 


8 PIN PACKAGE 


14 PIN PACKAGE 


(PIN 8 iS CONNECTED TO 
PIN 7 INTERNALLY) 


Figure 2: Nulling Capacitor Connection 


Clock Operation 


_ The internal oscillator is set fora 150 Hz nominal frequency 


on both the 8 and 14-pin dual in line packages. With the 14- 
pin DIP TSC918, the 150 Hz internal frequency is available at 
the internal clock output (Pin 12). A 300 Hz nominal signal 
will be present at the external clock input pin (Pin 13) with 
EXT/INT high or open. This is the internal clock signal before 
a divide by two operation: 


The 14-pin DIP device can be driven by an external clock. The 
INT/EXT input (Pin 14) has an internal pull-up and maybe left 
open for internal clock operation. If an external clock is used 
INT/EXT must be tied to Vs (Pin 7) to disable the internal 
clock. The external clock signal is applied to the external 
Clock input (Pin 13). 


The external clock amplitude should swing between Vs and 
ground for power supplies up to +6 V and between Vs and Vs 
-6 V for higher supply voltages. 


At low frequencies the external clock duty cycle is not critical 
since an internal divide by two gives the desired 50% switch- 
ing duty cycle. The offset storage correction capacitors are 
charged only when the external clock input is high. A50-80% 
external clock positive duty cycle is desired for frequencies 
above 500 Hz to guarantee transients settle before the inter- 
nal switches open. | 


The external clock input can also be used asa strobe input. If 
a strobe signal is connected at the external clock input so that 
it is low during the time an overload signal is applied, neither 
capacitor will be charged. The leakage currents at the capa- 
citor pins are very low. 
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TSC918 


Output Clamp 


if the output is driven to either supply rail output saturation 
occurs. The inputs are no longer held at a “virtual ground.” 
The Vos null circuit treats the differential signal as an offset 
and tries to correct it by charging the external capacitors. 
The nulling circuit also saturates. Once the input signal re- 
turns to normal, the response time is lengthened by the long 
recovery time of the internal correction circuit and external 
capacitors. 


Through an external clamp connection, the TSC918 elimi- 
nates the overload recovery problem by reducing the feed- 
back network gain before the output voltage reaches either 
supply rail. 


Normally the clamp pin is not connected. 


INTERNAL 
POSITIVE CLAMP BIAS 
P CHANNEL 


OUTPUT 
CLAMP 


PIN 


N CHANNEL 
INTERNAL 
NEGATIVE CLAMP BIAS 


TSC918 
OUTPUT 
PIN 


Figure 3: Internal Clamp Circuit 


R3 + (R1/R2) = 100k2 
FOR FULL CLAMP EFFECT 


CONNECT CAPACITORS TO 
Vg WITH 8-PIN DIP 


Figure 4: Non-Inverting Amplifier with Optional Clamp 


Input Bias Current 


The TSC918 inputs are never disconnected from the main 
internal amplifier. The null amplifier samples the input offset 
voltage and corrects DC errors and drift by storing compen- 
sating voltages on external capacitors. The sampling causes, 
however, charge transfer at the inputs. The charge transfer 
represents a peak impulse current of 200 to 290 nA at the 
inputs when the internal clock makes a transition. 


73 


TSC918 


(Ry ll Ro) 2 100 k22 


FOR FULL CLAMP EFFECT 
CONNECT CAPACITORS TO 
Vg WITH 8-PINPACKAGE = 9-1H#F 0.1 WF 


Figure 5: Inverting Amplifier with Optional Clamp 


Latch-Up Avoidance 


Junction-isolated CMOS circuits inherently include a parasi- 
tic 4-layer (p-n-p-n) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be estab- 
lished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 


Typical Characteristic Curve 


Gain and Phase 
vs Frequency 


TSC918 | 
Vg =t5V 


PHASE (9) 


a 
= 
a 
< 
o) 


—60 
10 kHz 100 kHz 


UNITY GAIN BANDWIDTH 
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ENGINEER: see 
PROJECT: ce 


DESCRIPTION ___ 
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49° TELEDYNE | 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 


TSC7650 


PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


FEATURES 

m= Low Input Offset Voltage ................. 5 uv 
= Low Input Offset Voltage Drift. . . 0.05 uV/°C Max. 
@ Low Input Bias Current ........... 10 pA Max. 
m High |mpedance Differential CMOS Inputs . . . 1012 
m High Open Loop Voltage Gain .... 120 dB Min. 
m Low Input Noise Voltage ............ 2.0 uVp_p 
m@ High Slew Rate ...................0.. 2.5 V/us 
m Low Power Operation ................ 20 mW 
= Output Clamp Speeds Recovery Time 

m= Compensated Internally for Stable Unity Gain 


Operation 
Direct Replacement for ICL7650 
Available in Surface Mount Package 


FUNCTIONAL DIAGRAM 


OUTPUT 
CLAMP 
CIRCUIT 


# FOR 8 PIN DIP CONNECT TO VS 
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PRECISION CHOPPER-STABILIZED 
~ OPERATIONAL AMPLIFIER 


TSC/650 


GENERAL DESCRIPTION Ordering Information 


The TSC7650 CMOS chopper-stabilized oper- “Wax 
ational amplifier practically removes offset voltage | Temp. , Offset 
error terms from system error calculations. The 5 uV Part No. Package Range -—_—S+=sVoiltage 
maximum Vos specification, for example, represents a le | kas ee 
fifteen times improvement over the industry standard “TSC7650CPA Basti Dip 0°C to 70°C: 5 WV 
OPO7E. The 50 nW/°C offset drift specification is over ee ee 
twenty-five times lower than the OPO7E. The increased *TSC7650IJA CerDIP -25°C to 85°C = SV 
performance eliminates Vos trim procedures, periodic . Sa aA rT ee 


potentiometer adjustment and the reliability problems *TSC7650CPD Laat Dip. — OC to 70°C = BW 
caused by damaged trimmers. ~ : — 

The TSC7650 performance advantages are *TSC7650D = aati -25°C.to.85°C, 395 wv 
achieved without the additional manufacturing com- a 
plexity and cost incurred with laser or “zener zap” Vos TSC7650COA ae Mount 0°C te 70°C 5 uv 
trim techniques. The TSC7650 is one of the lowest cost se ae ee 
precision operational amplifiers available. , Tsc7esocop Pin 0°C to 70°C 5 uv 

The TSC7650nullingschemecorrectsbothde ___—————SUface Mount" 
Vos errors and Vos drift errors with temperature. A * Available with 160 hour, +125°C burn-in. Add /Bl to part number 
nulling amplifier altemately corrects its own Vos errors Sun 


and the main amplifier Vos error. Offset nulling voltages 
are stored on two user supplied external capacitors. 
The capacitors connect to the internal amplifier Vos 
null points. The main amplifier input signal is never 
switched. Switching spikes are not present at the 
TSC7650 output. The null scheme keeps Vos errors 

low throughout the operating temperature range. Laser “neu 2| gm Flys Bente = 

and “zener zap” trimming can correct for Vos at only = me 
one temperature. 

The nulling circuit oscillator and control circuits 
are integrated on chip. Only two external Vos error 
storage capacitors are required. The TSC7650 operates 
as a conventional operational amplifier with vastly 
improved input specifications. The low Vos and Vos 
drift errors make the TSC7650 ideal for thermocouple, 
thermistor, and strain gauge applications. Low dc | | 
errors and high open loop gain make the TSC7650 an —input [2 | w~ Pz] v§ Neieuarb) [3] 
excellent preamplifier for precision analog to digital Pe] ourpur “INPUT L4 | 
converters like the TSC7135 and TSC800. 

The 14-pin dual in line package (DIP) has an 
external oscillator input to drive the nulling circuitry for 
optimum noise performance. Both the 8 and 14-pin DIP NC = NO INTERNAL CONNECTION 
have an output voltage clamp circuit to minimize 
overload recovery time. 


Pin Configuration (SO and DIP) 


NC = NO INTERNAL CONNECTION 


8-Pin SO 14-Pin SO 


NC (GUARD) [6 | 
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PRODUCT INFORMATION 


Absolute Maximum Ratings 


While Operating (Note 4) 
Operating Temp. Range 


Total Supply Voltage (V§ to Vs) pele ..+ 18 Volts , : 
Input Voltage iit, Baie hea ees (Vs + 0.3) to (Vs - 0.3) Volts M Device re -55 = to ee C 
Storage Temp. Range .................. ~55°C to 150°C |DEVICE .. sie eee eect e ee eee eee eee ee C to bicel C 
Lead Temperature (Soldering, 10 sec) .......... -+ 300°C C Device ........... eee ee eee O° C to +70° C 
Voltage on Oscillator Control Pins ............. Vs to Vs Package Power Dissipation (Ta = 25° C) 
Output Short Circuit Duration ................. Indefinite CerDIP Package .......... sss seeeeeee eee eens 900 mV 
Current into Any Pin .........cccccc cece cece ees 10mA _‘~Plastic Package ............--. sees ener eee eee, 375 mW 
Electrical Characteristics: vg = +5 v, Vs = -5 V, Ca = Cp = 0.1 pF. Ta = 25°C. 
TEST TSC7650 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
Ta = +25°C — + 0.7 + 5.0 
* “¥OS nRub Meet Neltage Over Operating Temp. al + 1.0 aS BY 
Range (Note 1) 
9 <AVos Input Offset Voltage Operating Temp “s 
AT Average Temp. Coefficient Range (Note 1) a 0.01 2.05 WVEC 
I 3 Offset Voltage vs Time — 100 — nv 
‘1 month 
p Ta = + 25°C — 1.5 10 
U 4 Islas Input Bias Current O°C < Ta s+ 70°C — 35 150 pA 
T -25°C < Ta S + 85°C — 100 400 
5 los Input Offset Current Ta = 25°C — 0.5 — pA © 
Rs = 100 i = 
6 e€np-p Input Noise Voltage 0 to 10 Hz 2 UVp-p 
in Input Noise Current f= 10Hz — 0.01 - pA/\/Hz 
RIN Input Resistance — 1012 2 
Common-Mode -52to 4 . 
SONNE Voltage Range as +2.0 EON x 
Common-Mode =e at 
10 CMRR Rejection Ratio CMVR =-5 Vto +1.5V 120 130 dB 
ra) 11. Av Large-Signal Voltage Gain RL = 10 ko 120 130 — dB 
~ + eas 
= 12 Vout Output Voltage Swing (Note 3) ALS OK male Sai V 
P Rit = 100 kO — + 4.95 ~ 
; 13 Clamp ON Current (Note 2) Ri = 100 kN 25 70 200 pA 
14 Clamp OFF Current (Note 2) -4.0 V < Vout <+4.0V as 1 — pA 
D 15 Bw Unity Gain Bandwidth Unity Gain (+1) _ 2.0 _ MHz 
N16 SR Slew Rate CL = 50 pF, RL= 10k = 25 aa V/us 
A 17s tr Rise Time — 0.2 — us 
. 18 Overshoot — 20 — % 
Cc 19 fch internal Chopping Frequency Pins 12-14 Open (DIP) 120 200 375 Hz 
S + - Operating _ 
U 20 Vs toVs Supply Range 4.5 16 V 
i 21 Is Supply Current No Load = 2.0 3.5 mA 
L Power Supply an = 
Y 22 PSRR Rejection Ratio Vgs=t3Vtot8V 120 130 dB 
Notes: 5. Static Sensitive Device. Unused devices must be stored in conductive ma- 


—_ 


. Operating temperature range is -25°C to +85°C for “I” grade and 0°C to 
+70°C for “C” grade. 

. See OUTPUT CLAMP discussion. 

. OUTPUT CLAMP not connected. See characteristic curves for output 
swing vs clamp current. 

. Limiting input current to 100 ywA is recommended to avoid latch-up 
problems. 


WN 


ps 


terial to protect devices from possible static damage. 

Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and func- 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absoiute maximum rating conditions for extended periods may 
affect device reliability. 


6. 
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TSC7650 


Theory of Operation 


Figure 1 shows the major elements of the TSC7650. There are | 


two amplifiers, the main amplifier and the nulling amplifier; 
both have offset-null capability. The main amplifier is con- 
nected full-time from the input to the output. The nulling 
amplifier, under the control of the chopping frequency 
oscillator and clock circuit, alternately nulls itself and the 
main amplifier. Two external capacitors provide the required 
storage of the nulling potentials and the necessary nulling- 


loop time constants. The nulling arrangement operates over 


the full common-mode and power-supply ranges, and is also 


independent of the output level, thus giving exceptionally | 


high CMRR, PSRR, and Avot. 


MAIN 
AMPLIFIER 


ANALOG 
INPUT 


(GAIN = AM) 


NULL 
. AMPLIFIER 
GAIN = AN, 
OFFSET = Vosn 


Figure 1: TSC7650 Contains a Nulling and Main Am- 
plifier. Offset Correction Voltages are Stored 
on Two External Capacitors. 


Careful balancing of the input switches minimizes chopper 
frequency charge injection at the input terminals, and the 
feed forward-type injection into the compensation capacitor 
that can cause output spikes in this type of circuit. 


The circuits offset voltage compensation is easily shown. 
With the nulling inputs shorted a voltage almost identical to 
the nulling amplifier offset voltage is stored on Ca. The effec- 
tive offset voltage at the null amplifier input is: 


a1 
1) VoseE = — 
(1) Vose = reerar 


After the nulling amplifier is zeroed the main amplifier is 
zeroed; the A switches open and B switches close. 


VOSN 


The output voltage sae is: 
(2) Vo= Am Vosm + (V" -V ) + AN(V* - -V ae Vose | 
Substituting (1) (2) and assuming AN >>1. 


PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


(3) Vo= AM an| (viv 4 Vosm + Vosn | 
7 | | AN 
As desired the device offset voltages are reduced by the © 
high-open-loop gain of the nulling amplifier. 


Output Stage/Load Driving 


The output circuit isa high-impedance stage (approximately 
18 kQ). With loads less than this the chopper amplifier be- 


_haves in some ways like a transconductance amplifier whose 


open-loop gain is proportional to load resistance. For exam- 
ple, the open-loop gain will be 17 dB lower with a 1 kQ load 
than with a 10 kQ load. If the amplifier is used strictly for dc 
the lower gain is of little consequence since the dc gain is 
typically greater than 120 dB even with a 1 kQ load. In wide- 
band applications, the best frequency response will be 
achieved with a load resistor of 10 kN or higher. This will re- 
sult in a smooth 6 dB/octave response from 0.1 Hz to 2 MHz, 
with phase shifts of less than 10° in the transition region 
where the main amplifier takes over from the null amplifier. 
The clock frequency sets the transition region. | 


-_Intermodulation 


Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite ac gain of the 
amplifier results in a small ac signal at the input. This is seen 
by the zeroing circuit as an error signal, which is. chopped 
and fed back, thus injecting sum and difference frequencies 
and causing disturbances to the gain and phase vs. 
frequency characteristics near the chopping frequency. 
These effects are substantially reduced in the TSC7650 by 
feeding the nulling circuit with a dynamic current, corres- 
ponding to the compensation capacitor current, in such a 
way as to cancel that portion of the input signal due toa finite 
ac gain. The intermodulation and gain/phase disturbances 


are held to very low values, and can generally be ignored. 


Nulling Capacitor Connection . 


_ The offset voltage correction capacitors are connected to Ca 


and Cp. The common capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (Cr, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
voltage drops. The capacitors outside foil, if possible, should 
be connected to CR or Vs. 
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CA CB 


14 PIN PACKAGE 


8 PIN PACKAGE 


Figure 2: Nulling Capacitor Connection 


Clock Operation 


The internal oscillator is set for a 200 Hz nominal chopping 
frequency on both the 8 and 14-pin dual in line packages. 
With the 14-pin DIP TSC7650, the 200 Hz internal chopping 
frequency is available at the internal clock output (Pin 12). A 
400 Hz nominal signal will be present at the external clock 
input pin (Pin 13) with EXT/INT high or open. This is the 
internal clock signal before a divide by two operation. 


The 14-pin DIP device can be driven by an external clock. 
Offset voltage and noise characteristics vs chopping fre- 
quency are shown in the typical operating characteristic 
curves. The INT/EXT input (Pin 14) has an internal pull-up 
and maybe left open for internal clock operation. If an 
external clock is used INT/EXT must be tied to Vs (Pin 7) to 
disable the internal clock. The external clock signal is applied 
to the external clock input (Pin 13). 


The external clock amplitude should swing between VS and 
ground for power supplies up to+6 V and betweenV andV 
-6 V for higher supply voltages. 


At low frequencies the external clock duty cycle is not critical 
since an internal divide by two gives the desired 50% 
switching duty cycle. The offset storage correction capa- 
citors are charged only when the external clock inputis high. 
A 50-80% external clock positive duty cycle is desired for fre- 
quencies above 500 Hz to guarantee transients settle before 
the internal switches open. 


The external clock input can also be used asa strobe input. If 
a strobe signal is connected at the external clock input so that 
it is low during the time an overload signal is applied, neither 
capacitor will be charged. The leakage currents at the capa- 
citor pins are very low. At 25°C a typical TSC7650 will drift 
less than 10 uV/sec. 


TSC7650 


Output Clamp 


Chopper-stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
output saturation occurs. The inputs are no longer held ata 
“virtual ground.” The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the ex- 
ternal capacitors. The nulling circuit also saturates. Once the 
input signal returns to normal, the response time is 
lengthened by the long recovery time of the nulling amplifier 
and external capacitors. 


Through an external clamp connection, the TSC7650 elimi- 
nates the overload recovery problem by reducing the feed- 
back network gain before the output voltage reaches either 
supply rail. 


The output clamp circuit is shown in Figure 3 with typical 
inverting and non-inverting circuit connections shown in 
Figure 4 and 5. Output voltage vs clamp circuit current 
characteristics are shown in the typical operating curves. For 
the clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 kQ. 


INTERNAL 
POSITIVE CLAMP BIAS ~ Vt — V7 = Vt —0.7V 
P CHANNEL 


OUTPUT 
CLAMP 
PIN 


N CHANNEL 
INTERNAL 
NEGATIVE CLAMP BIAS * V~ + Vy 
=V—-+07V 


TSC7650 
OUTPUT 
PIN 


Figure 3: Internal Clamp Circuit 


*CONNECT TO VS 
ON 8 PIN DIP 


R3 + (R1/R2) = 100k2 
FOR FULL CLAMP EFFECT 


Figure 4: Non-Inverting Amplifier with Optional Clamp 


13-55 


TSC7650 it 


*CONNECT TO VS 
ON 8 PIN DIP 


OUTPUT 


(Ry Il Ro) > 100 k2 
FOR FULL CLAMP EFFECT 


O1pF 0.1 uF 


Figure 5: Inverting Amplifier with Optional Clamp 


Static Protection 


All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 
diode junction characteristics and increase input-leakage 
currents. 


Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manu- 


facturers in establishing “static safe’ work areas where 


CMOS components are handled. A partial company listing is: 


® 3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
~ (800) 792-1072 


® Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 


® American Convertors 
1919 South Butlerfield Road 
Mundelein, IL 60060 
(312) 362-9000 


@® ACL 
1960 East Devon Avenue 
Elk Grove Village, IL 60007 
(312) 981-9212 


Latch-Up Avoidance 


Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has characteris- 
tics similar to an SCR. Under certain circumstances this junc- 
tion may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be esta- 
blished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 


PRECISION CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


Thermo-Electric Potentials 


Precision dc measurements are ultimately limited by thermo- 
electric potentials developed in thermocouple junctions of 
dissimilar metals, alloys, silicon, etc. Unless all junctions are 
at the same temperature, thermoelectric voltages typically 
around 0.1 uV/°C, but up to tens of n.V/° C forsome materials, 
will be generated. In order to realize the benefits extremely 
low offset voltages provide, it is essential to take special pre- 
cautions to avoid temperature gradients. All components | 
should be enclosed to eliminate air movement, especially 
those caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power dissi- 
pation should be kept to a minimum. High-impedance loads 
are preferable, and separation from surrounding heat-dissi- 
pating elements is advised. 


Pin Compatibility | 

On the 8-pin mini-dip TSC7650 the external null storage 
capacitors are connected to pins 1 and 8. On most other oper- 
ational amplifiers these are left open or are used for offset 
potentiometer or compensation capacitor connections. 


For OPOS and OPO7 operational amplifiers, the replacement 
of the offset null pot between pins 1 and 8 by two capacitors 
from the pins to Vs will convert the OPO5/07 pin configura- 
tion for TSC7650 operation. For LM108 devices the compen- 
sation capacitor is replaced by the external nulling capaci- 
tors. The LM101/748/709 pin outs are modified similarly by 
also removing any circuit connections to pin 5. On the 
TSC7650 pin 5 is the output clamp connection. Other opera- 
tional amplifiers may use this pin as an offset or compensation 
point. . 


The minor modifications needed to retrofit a TSC7650 into 
existing sockets operating at reduced power supply voltages 
make prototyping and circuit verification straight forward. 


Input Guarding 


High impedance, low leakage CMOS inputs allow the TSC7650 
to make measurements of high impedance sources. Stray 
leakage paths can increase input currents and decrease 
input resistance unless inputs are guarded. A guard is a 
conductive pc trace surrounding the input terminals. The 
ring connects to a low impedance point as the same potential 
as the inputs. Stray leakages are absorbed by the low impe- 
dance ring. The equal potential between ring and inputs pre- 
vents input leakage currents. Typical guard connections are 
shown in Figure 6. - | | 

The 14-pin DIP configuration has been specifically designed 


to ease input guarding. The pins adjacent to the inputs are 
unused. 


In applications requiring low leakage currents, boards 
should be cleaned thoroughly and blown dry after soldering. 
Protective coatings will prevent future board contamination. 
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Component Selection 


The two required capacitors, Ca Cp, have optimum values 
depending on the clock or chopping frequency. For the 
preset internal clock, the correct value is 0.1 uF. To maintain 
the same relationship between the chopping frequency and 
the nulling time constant, the capacitor values should be 
scaled in proportion to the external clock if used. High- 
quality film-type capacitors such as mylar are preferred. 
Ceramic or other lower-grade capacitors may be suitable in 
some applications. For fast settling on initial turn-on, low 
dielectric absorption capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several seconds 
may be required to settle to 1 yV. 


O OUTPUT 


O 
INPUT 
en SHOULD BE LOW 
NOTE: Ra = ni f2 IMPEDANCE FOR 
37 Rye OPTIMUM GUARDING 


Non-Inverting 


*USE R3 TO COMPENSATE FOR 
LARGE SOURCE RESISTANCES, Follower 
OR FOR CLAMP OPERATION. 


Figure 6: Input Guard Connection 
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TSC7650 
Typical Characteristic Curves 


Positive Clamp Current | Negative Clamp Current 
vs Output Voltage vs Output Voltage 


i 


iis bt 
: a nae aes s 
jem 
> 0.1uA A - 
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“9° TELEDYNE 
SEMICONDUCTOR 


The Analog Signal Processing Company™ 
TSC7650A 


CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


FEATURES 

m@ Low Input Offset Voltage ................. 5 uv 
m Low Input Offset Voltage Drift... . 0.2 uV/°C Max. 
w Low Input Bias Current ........... 15 pA Max. 
m@ High Impedance Differential CMOS Inputs. . . 1012CQ 
@ High Open Loop Voltage Gain .... 120 dB Min. 
mw High Slew Rate ...................... 4.0 Wyus 
m Low Power Operation ................ 17 mW 
= Output Clamp Speeds Recovery Time 

= Compensated Internally for Stable Unity Gain 


Operation 
Pin Compatible Replacement for ICL7650 


FUNCTIONAL DIAGRAM 


TSC7650A 


14-PiN DIP ONLY e. 


{ 
Lo INT/EXT 
osc © EXT CLK IN 
e 
Hi 
ene 
AB 
> 


* FOR 8 PIN DIP CONNECT TO VS 
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- CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


TSC7650A 


GENERAL DESCRIPTION Ordering Information 
The TSC7650A CMOS chopper-stabilized = T 
: Sie . . emp. . Max. 
operational amplifier practically removes offset voltage Part No. Package Range Vos 
error terms from system error calculations. The 5 wV = 
maximum Vos specification, for example, represents a *TSC7650ACPA ibis cDip Ore to 70°C By 
fifteen times improvement over the industry standard Se 
OPO7E. The 0.2 uV/°C Max. offset drift specification is SUSE OSOAC OR: 2B INOO . _- CIS: Uy 
six times lower than the OPO7E. The increased per- ‘TSC7ESOAIUA. BPN 25°C to 85°C SV 
formance eliminates Vog trim procedures, periodic | CerDIP | 
potentiometer adjustment and the reliability problems — 14-Pin ee 4 
caused by damaged trimmers. The TSC7650A features Tee tvatre Plastic Dip ih ans ee 
lower maximum power supply current and higher slew TSC7650ACOD_—_14-Pin SO 0°C to 70°C 5 uv 
rate than the ICL7650. The TSC7650A power supply ie ela... eT aaa 
current is 2.5 mA maximum. "TSC7650AIID = Gapjp 3. 725°C to 85°C SN 
The TSC7650A performance advantages are * Available with 160 hour, +125°C burn-in, Add /BI to part number 
achieved without the additional manufacturing com- suffix. 


plexity and cost incurred with laser or “zener zap” Vos 
trim techniques. The TSC7650A is one of the lowest Pin Configuration (SO and DIP) 
cost precision operational amplifiers available. | | 
The TSC7650A nulling scheme corrects both 
dc Vos errors and Vos drift errors with temperature. A 
nulling amplifier alternately corrects its own Vos errors 
and the main amplifier Vos error. Offset nulling voltages 
are stored on two user supplied external capacitors. 
The capacitors connect to the internal amplifier Vos 
null points. The main amplifier input signal is never 
switched. Switching spikes are not present at the 
TSC7650A output. The null scheme keeps Vos errors 
low throughout the operating temperature range. Laser a ec ae 
and “zener zap” trimming can correct for Vos at only 
one temperature. | 8-Pin SO 14-Pin SO 
The nulling circuit oscillator and control circuits 
are integrated on chip. Only two external Vos error 
storage capacitors are required. The TSC7650A oper- 
ates as a conventional operational amplifier with vastly 
improved input specifications. The low Vos and Vos 
drift errors make the TSC7650A ideal for thermocouple, 
thermistor, and strain gauge applications. Low dc 
errors and high open loop gain make the TSC7650A an 
excellent preamplifier for precision analog to digital Noe NG ERRAL CORNES HEN 
converters like the TSC7135, TSC800, and TSC7109. 
The 14-pin dual in line package (DIP) has an 
external oscillator input to drive the nulling circuitry for 
optimum noise performance. Both the 8 and 14-pin DIP 
have an output voltage clamp circuit to minimize 
overload recovery time. 
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PRODUCT INFORMATION 


Absolute Maximum Ratings 


Total Supply Voltage (Vs to Vs) ‘ s+. 18 Volts 
Input Voltage (Vs + 0.3) to (Vs - 0.3) Volts 


TSC7650A 


While Operating (Note 4) 
Operating Temp. Range 


Storage Temp. Range .................. -55°C to 150°C LDOVICE .. og4 exes wing eae wore we aus -25°C to +85°C 
Lead Temperature (Soldering, 10 sec) ............ 300°C © DOVICG sicily hi ns BSG weedeat 0°C to +70°C 
Voltage on Oscillator Control Pins ............. Vs to Vs Package Power Dissipation (Ta = 25°C) 
Output Short Circuit Duration ................. Indefinite CerDiP Package: cide kcn ce casein aes ROR 500 mV 
Current intovAny-PI0: 4% ccscey Sieareseataevee tae 10 mA PlasuG Package: :.226s5s eyes ecaeie eiiawen a earns 375 mW 
Electrical Characteristics: vg = +5 v, vs = -5 V, Ca= Cp = 0.1 uF. Ta = 25°C. 
TEST TSC7650A 
TYPE NO. SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
1 Vos Input Offset Voltage Ta = +25°C — + 0.7 + 5.0 pV 
9 AVos Input Offset Voltage Operating Temp r 
1 AT Average Temp. Coefficient Range (Note 1) i 0.08 Oi WVEC 
N Ta =+ 25°C — 1.5 15 
Pp 3 IBIAS Input Bias Current 00°C < Tas+ 70°C — 35 150 pA 
U -25°C < TAS + 85°C — 100 400 
T 4 los Input Offset Current Ta = 25°C _ 0.5 —_— pA 
Rs = 100 2 ae 
5  €np-p Input Noise Voltage 0.1 to 10 Hz — 4.0 LVp-p 
in Input Noise Current f = 10 Hz — 0.01 —_ pA/\/Hz 
7 RIN Input Resistance — 1012 9) 
Common-Mode -5.2 to 
8 CMVR Voltage Range -5.0 120 +1.5V V 
Common-Mode 7 
9 CMRR Rejection Ratio CMVR=-5Vto+1.5V 120 130 — dB 
oO 10 Av Large-Signal Voitage Gain Rt = 10 ko 120 130 — dB 
= + — 
11. Vout Output Voltage Swing (Note 3) set ates ee V 
Pp RL = 100 kQ —_ + 4.95 — 
= te Clamp ON Current (Note 2) RL = 100 kO 25 70-200 A 
13 Clamp OFF Current (Note 2) -4.0 V < Vout <+ 4.0 V — 1 — pA 
D 14 Bw Unity Gain Bandwidth Unity Gain (+1) — 1.0 = MHz 
N15 SR Slew Rate CL = 50 pF, RL = 10 kn = 4.0 = V/us 
A 16 str Rise Time — 0.2 — ys 
+ 17 Overshoot | — 30 _ % 
Cc 18 fch Internal Chopping Frequency Pins 12-14 Open (DIP) 120 300 420 Hz 
S + = Operating 
U 19 Vs to Vs Supply Range 4.5 _ 16 V 
e 20 Is Supply Current No Load _ 1.7 2.5 mA 
L Power Supply - 
Y 21 PSRR Rejection Ratio Vs=+3Vto+8V 120 130 dB 
Notes: 5. Static Sensitive Device. Unused devices must be stored in conductive ma- 


1. Operating temperature range is -25°C to +85°C for “I” grade and 0°C to 
+70° C for “C” grade. 
2. See OUTPUT CLAMP discussion. 
. OUTPUT CLAMP not connected. See characteristic curves for output 
swing vs clamp current. 
. Limiting input current to 100 vA is recommended to avoid latch-up 
problems. 


[e) 


bz 


terial to protect devices from possible static damage. 

6. Stresses above those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and func- 
tional operation of the device at these or any other conditions above those 
indicated in the operational sections of the specifications is not implied. 
Exposure to absolute maximum rating Conditions for extended periods may 
affect device reliability. 
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TSC7650A 


Theory of Operation 


Figure 1 shows the major elements of the TSC7650A. There 
~ are twoamplifiers, the main amplifier and the nulling amplifier; 


both have offset-null capability. The main amplifier is con-— 


nected full-time from the input to the output. The nulling 
amplifier, under the control of the chopping frequency oscil- 
lator and clock circuit, alternately nulls itself and the main 


amplifier. Two external capacitors provide the required stor-. 


age of the nulling potentials and the necessary nulling-loop 
time constants. The nulling arrangement operates over the 
full common-mode and power-supply ranges, and is also 


independent of the output level, thus giving exceptionally 


high CMRR, PSRR, and Avo_. 


MAIN 
AMPLIFIER ' 


ANALOG 
INPUT 


(GAIN = AM) — 


NULL 

AMPLIFIER 
GAIN = AN, 
OFFSET = Vosn 


Figure 1: TSC7650A Contains a Nulling and Main Am- 
plifier. Offset Correction Voltages are Stored 
on Two External Capacitors. 


Careful balancing of the input switches minimizes chopper 
frequency charge injection at the input terminals, and the 
feed forward-type injection into the compensation capacitor 
that can cause output spikes in this type of circuit. 


The circuits offset voltage compensation is easily shown. 


With the nulling inputs shorted a voltage almost identical to - 
the nulling amplifier offset voltage is stored on Ca. The effec- 


tive offset voltage at the null amplifier input is: 


(1) VoseE = VOSN 


AN + 1 


After the nulling amplifier is zeroed the main amplifier is 
zeroed; the A switches open and B switches close. 


The output voltage Sana is: 
(2) Vo = Am | Vosm + (V -V ~) + An(V" - -V)+AN Vose | 
Substituting (1) — (2) and assuming An >>1. 


_ CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


(3) Vo= Am An| (V*- “N+ + Vos + Vosn | - 
| ! ae 


As desired the device offset voltages are reduced by the 
high open-loop gain of the nulling amplifier. 


Output Stage/Load Driving 


The output circuit is a high-impedance stage (approximately 
18 kQ). With loads less than this the chopper amplifier be- 
haves in some ways like a transconductance amplifier whose 


- open-loop gain is proportional to load resistance. For exam- 
_ ple, the open-loop gain will be 17 dB lower with a 1 kO load 


than with a 10 kQ load. If the amplifier is used strictly for dc 
the lower gain is of little consequence since the dc gain is 


— typically greater than 120 dB even with a 1 kO load. In wide- 


band applications, the best frequency response will be 
achieved with a load resistor of 10 kO or higher. This will-re- 
sult in a smooth 6 dB/octave response from 0.1 Hz to 2 MHz, 
with phase shifts of less than 10° in the transition region 


where the main amplifier takes over from the null amplifier. 


The clock frequency sets the transition region. 


Intermodulation 


Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite ac gain of the 
amplifier results in a small ac signal at the input. This is seen 
by the zeroing circuit as an error signal, which is chopped 
and fed back, thus injecting sum and difference frequencies 
and causing disturbances to the gain and phase vs. frequency 
characteristics near the chopping frequency. These effects 
are substantially reduced in the TSC7650A by feeding the 
nulling circuit with a dynamic current, corresponding to the 
compensation capacitor current, in such a way as to cancel 
that portion of the input signal due to a finite ac gain. The 
intermodulation and gain/phase disturbances are heid to 
very low values, and can generally be ignored. 


Nulling Capacitor Connection 


The offset voltage correction capacitors areconnected to Ca 
and Cp. The common. capacitor connection is made to Vs 
(Pin 4) on the 8-pin packages and to capacitor return (Cr, Pin 
8) on the 14-pin packages. The common connection should 
be made through either a separate pc trace or wire to avoid 
voltage drops. The capacitors outside foil, if possible, should 
be connected to Cr or Vs. 
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PRODUCT INFORMATION 


CTS CTESOA 


NULLING CAPACITOR CONNECTION 


- ae 


TSC7650A TSC7650A 


14 PIN PACKAGE 8 PIN PACKAGE 


Figure 2: Nulling Capacitor Connection 


Clock Operation 


The internal oscillator is set for a 300 Hz nominal chopping 
frequency on both the 8 and 14-pin dual in line packages. 
With the 14-pin DIP TSC7650A, the 300 Hz internal chopping 
frequency is available at the internal clock output (Pin 12).A 
600 Hz nominal signal will be present at the external clock 
input pin (Pin 13) with EXT/INT high or open. This is the 
internal clock signal before a divide by two operation. 


The 14-pin DIP device can be driven by an external clock. 
The INT/EXT input (Pin 14) has an internal pull-up and may 
be left open for internal clock operation. If an external clock 
is used INT/EXT must be tied to Vs (Pin 7) to disable the 
internal clock. The external clock signal is applied to the 
external clock input (Pin 13). 


The external clock amplitude should swing between Vs and 
ground for power supplies up to +6 Vand betweenV andV 
-6 V for higher supply voltages. 


At low frequencies the external clock duty cycle is not critical 
since an internal divide by two gives the desired 50% 
switching duty cycle. The offset storage correction capa- 
citors are charged only when the external clock inputis high. 
A 50-80% external clock positive duty cycle is desired for fre- 
quencies above 500 Hz to guarantee transients settle before 
the internal switches open. 


The external clock input can also be used asa strobe input. If 
a strobe signal is connected at the external clock input so that 
it is low during the time an overload signal is applied, neither 
capacitor will be charged. The leakage currents at the capa- 
citor pins are very low. At 25°C atypical TSC7650A will drift 
less than 10 nV/sec. 


Output Clamp 


Chopper-stabilized systems can show long recovery times 
from overloads. If the output is driven to either supply rail, 
output saturation occurs. The inputs are no longer held ata 
“virtual ground.” The Vos null circuit treats the differential 
signal as an offset and tries to correct it by charging the 
external capacitors. The nulling circuit also saturates. Once 
the input signal returns to normal, the response time is leng- 
thened by the long recovery time of the nulling amplifier and 
external capacitors. 


Through an external clamp connection, the TSC7650A elimi- 
nates the overload recovery problem by reducing the feed- 
back network gain before the output voltage reaches either 
supply rail. 


The output clamp circuit is shown in Figure 3 with typical 
inverting and non-inverting circuit connections shown in 
Figure 4 and 5. Output voltage vs clamp circuit current 
characteristics are shown in the typical operating curves. For 
the clamp to be fully effective, the impedance across the 
clamp output should be greater than 100 kf. 


INTERNAL 
POSITIVE CLAMP BIAS © Vt — Vz = Vt —0.7V 
P CHANNEL 


OUTPUT 
CLAMP 


PIN 


N CHANNEL ; 
INTERNAL 
NEGATIVE CLAMP BIAS = V— + V7 
=V~+0.7V 


TSC7650A 
OUTPUT 
PIN 


Figure 3: Internal Clamp Circuit 


*CONNECT TO Vg 
ON 8 PIN DIP 


R3 + (R4/R2) > 100k 
FOR FULL CLAMP EFFECT 


Figure 4: Non-Inverting Amplifier with Optional Clamp 
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TSC7650A 


*CONNECT TO Vg 
ON 8 PIN DIP 


(Ry ll Ro) > 100 k2 
FOR FULL CLAMP EFFECT 


Figure 5: Inverting Amplifier with Optional Clamp 


Static Protection | 


All device pins are static-protected. Strong static fields and 
discharges should be avoided, however, as they can degrade 
diode junction characteristics and increase input-leakage 
currents. 


Many companies are actively involved in providing services, 
educational material, and supplies to aid electronic manufac- 
turers in establishing “static safe” work areas where CMOS 
components are handled. A partial company listing is: 


® 3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 


® Semtronics 
~ P.O. Box 592 
Martinsville, NJ-08836 
(210) 561-9520 


@ American Convertors 
1919 South Butlerfield Road 
Mundelein, IL 60060 
(312) 362-9000 


@ ACL 

1960 East Devon Avenue 
Elk Grove Village, IL 60007 
(312) 981-9212 


Latch-Up Avoidance 


Junction-isolated CMOS circuits inherently include a para- 


sitic 4-layer (p-n-p-n) structure which has characteris- 


tics similar to an SCR. Under certain circumstances this junc- 
tion may be triggered into a low impedance state, resulting in 
excessive supply current. To avoid the condition, no voltage 
greater than 0.3 V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be esta- 
blished either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 
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‘CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


Thermo-Electric Potentials 


Precision dc measurements are ultimately limited by thermo- 
electric potentials developed in thermocouple junctions of 
dissimilar metals, alloys, silicon, etc. Unless all junctions are 
at the same temperature, thermoelectric voltages typically 
around 0.1 »V/°C, but up to tens of nV/° C for some materials, 
will be generated. In order to realize the benefits extremely 
low offset voltages provide, it is essential to take special pre- 
cautions to avoid temperature gradients. All components 
should be enclosed to eliminate air movement, especially 
those caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be used 
where possible and power supply voltages and power dissi- 
pation should be kept to a minimum. High-impedance loads 
are preferable, and separation from surrounding heat-dissi- 
pating elements is advised. 


Pin Compatibility 


On the 8-pin mini-dip TSC7650A the external null storage. 
capacitors are connected to pins 1 and 8. On most other. 
operational amplifiers these are left open or are used for 
offset potentiometer or compensation capacitor connections. 


For OP05 and OP07 operational amplifiers, the replacement of 
the offset null pot between pins 1 and 8 by two capacitors from 
the pins to Vs will convert the OP05/07 pin configuration for 
TSC7650A operation. For LM108 devices the compensation 
capacitor is replaced by the external nulling capacitors. The 
LM101/748/709 pin outs are modified similarly by also 
removing any circuit connections to pin 5. On the TSC7650A 
pin 5 is the output clamp connection. Other operational 
amplifiers may use this pin as an offset or compensation 
point. 


The minor modifications needed to retrofit a TSC7650A into 
existing sockets operating at reduced power supply voltages 
make prototyping and circuit verification straight forward. 


Input Guarding 


High impedance, low leakage CMOS inputs allow the 
TSC7650A to make measurements of high impedance 
sources. Stray leakage paths can increase inputcurrents and 
decrease input resistance unless inputs are guarded. A guard 
is a conductive pc trace surrounding the input terminals. The 
ring connects to a low impedance point as the same potential 
as the inputs. Stray leakages are absorbed by the low impe- 
dance ring. The equal potential between ring and inputs 
prevents input leakage currents. ‘Typical guard connections 
are shown in Figure 6. 


The 14-pin DIP configuration has been specifically designed 
to ease input guarding. The pins adjacent to the inputs are 
unused. 


In applications requiring low leakage currents, boards 
should be cleaned thoroughly and blown dry after soldering. 
Protective coatings will prevent future board contamination. 


PRODUCT INFORMATION 


TSC7/650A 


Component Selection 


The two required capacitors, Ca Cp, have optimum values 
depending on the clock or chopping frequency. For the 
preset internal clock, the correct value is 0.1 uF. To maintain 
the same relationship between the chopping frequency and 
the nulling time constant, the capacitor values should be 
scaled in proportion to the external clock if used. High- 
quality film-type capacitors such as mylar are preferred. 
Ceramic or other lower-grade capacitors may be suitable in 
some applications. For fast settling on initial turn-on, low 
dielectric absorption capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several seconds 
may be required to settle to 1 uV. 


—~ 


TSC7650A 


iW 


TSC7650A 


>" 


@ 
INPUT TSC7650A 
ae SHOULD BE LOW INPUT 9 
Norecnsc nthe IMPEDANCE FOR 
3” RytRo OPTIMUM GUARDING 


*USE R3 TO COMPENSATE FOR Non-|! nverting 


LARGE SOURCE RESISTANCES, 
OR FOR CLAMP OPERATION. Follower 


Figure 6: Input Guard Connection 


Gain = 1000, 1 Div = 20 uVp-p 


Figure 7: TSC7650A Peak to Peak Noise (0.1 to 10Hz) 
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~ CHOPPER-STABILIZED 
OPERATIONAL AMPLIFIER 


TSC7650A 


Typical Characteristic Curves 


Positive Clamp Current , Negative Clamp Current 


vs Output Voltage | | vs Output Voltage 
| 1mA 
0.1mA 
0.01 mA 
be 
= rf THA 
2 [eng 
Ww cc 
. 2 O.1 uA 
3 S 
a < 0.01 vA 
{ Ss) 
5 nA 
0.1nA 
0.01 nA 
1TpA 
—4.0 —4.1 —-4.2 —4.3 —4.4 -4.5 —4.6 —4.7 -4.8 —4.9 —5.0 
OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) 
Supply Current vs 
Supply Voltage Gain/Phase vs Frequency 
ac | ‘a 
10 TN 135 
: vs 
£ 0 90 & 
2 a ry 
& @ 10 45. 9 
: 6 —-20 0 g 
= —30 45 & 
5 
is —40 ry -90 
alll LUM 
pani co 
ARR eee eee ee ecw LL) se 
5 6 7 8 9 10 11 12 13 14 15 a ee | k : 10k 100 k IM 10M 


FREQUENCY (Hz) 


SUPPLY VOLTAGE (V)_ 
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“9 TELEDYNE 
SEMICONDUCTOR 


TSC7652* 


LOW NOISE, CHOPPER STABILIZED 
OPERATIONAL AMPLIFIER 


FEATURES 


Extremely low input offset voltage (10 ,»V over 
temperature range) 

Ultra-low long-term and temperature drifts of input 
offset voltage (150 nV/month, 100 nV/°C) 

Low DC input bias current (15 pA) 

Extremely high gain, CMRR and PSRR (minimum 
110 dB) | 

Low input noise voltage (0.2 .Vp.p; DC to 1 Hz) 
Internally compensated for utility-gain operation 
Very low intermodulation effect (open-loop phase 
shift <2° at chopper frequency) 

Clamp circuit to avoid overload recovery problems 
and allow comparator use 

Extremely low chopping spikes at input and output 


FUNCTIONAL DIAGRAM 


“9M 1Sc7652 


UTPUT OUTPUT = 
CN ° CLAMP O INT/EXT 


CIRCUIT O EXT CLK IN 
O CLK OUT 


O OUTPUT 


NULL - 


* FOR 8 PIN DIP CONNECT TO Vs 


© 1987 * Patented—Patent No. 4605907 
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TSC7652 


General Description 

Compared to some amplifiers, the TSC7652 chopper- 
stabilized, low noise operational amplifier from Teledyne 
Semiconductor improves noise performance and provides 
a wider common mode input voltage range. The TSC7652 
offers low-input offset voltage and time/temperature stabil- 
ity with reduced bandwidth and slew rate. CMOS circuitry 
eliminates most chopping spikes intermodulation effects 
and over-range lock-up problems. 


The TSC7652 compares inverting and non-inverting input 
voltages in an amplifier nulled by alternate clock phases. 
Two external capacitors store the correcting potentials on the 
two amplifier-nulling inputs. All control circuitry, including the 
clock oscillator, is self-contained. The TSC7652 is internally 
compensated for unity-gain operation. If required, the en 
version can use an external clock. 


The functional diagram shows the main components of the 
TSC7652. The main and nulling amplifiers have offset-null 
capability. The main amp is connected continuously from 
input to output. Controlled by the chopping-frequency 
oscillator and clock circuit, the nulling amp alternately nulls 
itself and the main amp. The nulling connections (MOSFET 
gates) are high impedance. Two external capacitors provide 
nulling potential storage and nulling-loop time constraints. 
Nulling operates over the full common-mode and power 
supply ranges. Independent of the output level, this arrange- 
ment gives exceptionally high CMRR, PSRR and AVOL. 


Balancing the input switches (and the input circuit) 
reduces chopper frequency charge injection at input 
terminals. The main cause of output spikes in this type 
of circuit (feedforward-type injection into the compensa- 
tion capacitor) is minimized. 


Other chopper-stabilized amplifiers experience inter- 
modulation effects between chopper frequency and input 
signals. The finite AC gain of the amplifier requires a small 
AC signal at the input. The zeroing circuit sees this as an 
error signal, which it chops and feeds back. The circuit 
also injects sum-and-difference frequencies and causes 
gain and phase/frequency characteristics disturbances 
near the chopping frequency. 


The TSC7652 reduces these intermodulation effects by 
feeding the nulling circuit a dynamic current that corres- 
ponds to the compensation capacitor current and cancels 
the portion of the input signal from finite AC gain. In this 
way, the major cause of TSC7652 error is minimized. The 
gain and phase disturbances are held to such low values 
that they can usually be ignored. 


PRODUCT INFORMATION 


Ordering Information 


Part No. - Package Temp Range 
TSC7652CPA pin plastic DIP = 0 to 70°C 
TSC7652IJA 8-pin ceramic DIP -25 to +85°C 
TSC7652CPD __14-pin plastic DIP 0 to 70°C 
TSC7652ID  14-pin ceramic DIP -25 to +85°C 
TSC7652CY —— Chip 25°C. 
TSC7652ZCPA _8-pin plastic DIP 0 to 70°C 


Pin Configuration 


INPUT 


OUTPUT 


NC = NO INTERNAL CONNECTION 


Capacitor Connection 


Connect the null-storage capacitors to the CEXTA and 
CEXTB pins with a common connection to the CRETN pin 
(14-pin package) or to Vs (8-pin package). To avoid 
injecting load current IR drops into the capacitive circuitry, 
make this connection directly by a separate wire or a PC 
trace. 
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LOW NOISE, CHOPPER STABILIZED 
OPERATIONAL AMPLIFIER 


Absolute Maximum Ratings 


Total supply voltage (Vg to Vs)................. 18V 
Input voltage ................. (Vg+0.3) to (Vs-0.3) V 
Voltage on oscillator control pins........... Vg to Vs 
Duration of output short circuit ............ indefinite 
Current into any pin ...................005. 10 mA 
While operating (Note 4) ................... 100 pA 


TSC7652 


Continuous total power dissipation (T, =25°C) 


cerDIP package .................005. 500 mW 

plastic package ..................0005. 375 mW 
Storage temperature range .......... -—55 to +150°C 
Operating temperature range 

IMABVICE: ia Sate Noa heen es —25 to +85°C 

COCVICE «io taat ceed aera ae ees 0 to 70°C 
Lead temperature (soldering, 10 sec) ......... 300°C 


Electrical Characteristics Vé = +5V, Vs = —5V, T, = 25°C, unless otherwise indicated 


SYMBOL 


Vos 


AVos/AT 


Vos/AT 


Ibias 
(CLK on) 


Ibias 
(CLK off) 


PARAMETER 


Input offset voltage 


Average temperature 
coefficient of input 
offset voltage 


Offset voltage vs. time 


Input bias current 


Input bias current 


Input offset current 
Input resistance 


Large signal voltage 
gain 


Output voltage swing 
(Note 3) 


Common-mode 
voltage range 


Common-mode 
rejection ratio 


Power supply 
rejection ratio 


TEST CONDITIONS 
T, =25°C 


Over operating temp range 


(Note 1) 


Operating temp range 
(Note 1) 


Ta = +25°C 

0°C <T,<+70°C 
—-25°C <T,< +85°C 
Ta = +25°C 

0°C <T,n< +70°C 
—25°C <Typ< +85°C 


Ta = +25°C 


Ri = 10 kQ 
Vout = +4V 


R, = 10 kQ 
R, = 100 ka 


CMVR= 
-4.3V to +3.5V 


+3V to +8V 
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MIN 


TYP 


150 
30 


100 
250 


Oo — 
ool 


100 


120 


+ 4.7 


| 
- 
a 


120 


120 


NO 
ol 


1012 


150 
+ 4.85 
+495 

140 


140 | 


MAX 


+5 


150 


+3.5 


< << 


UNIT 


pV 


a. 
w 


oO. 
88) 
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Electrical Characteristics (continued) Vg = +5V, Vs = —5V, T, = 25°C; 


unless otherwise indicated 


TEST CONDITIONS | MIN TYP MAX UNIT 


SYMBOL = PARAMETER 
en | Input noise voltage Rs = 100 Q, DC to 1 Hz 0.2 1.5 uVp.p 
DC to 10 Hz 0.7 5.0 pVp.p 
in Input noise current = 10 Hz | | oot J pA/VHz 
GBW Unity-gain bandwidth pf} oe fo MHz 
Vg to Vs Operating supply range ps0 f | te V 
IsuPPLy Supply current No load Lo mA 
foh Internal chopping Pins 12-14 open (DIP) 100 Hz 
frequency 
Clamp ON current R, = 100 kQ | 100 pA 
(Note 2) 
Clamp OFF current -4.0V <= Vout <+4.0V pA 
(Note 2) 7 
Notes: . —25°C to +85°C, or 0°C to +70°C. . 


. See OUTPUT CLAMP under detailed description. 


. OUTPUT CLAMP not connected. See typical characteristics curves for output swing versus clamp current characteristics. 


. Static Sensitive Device. Appropriate precautions should be taken when handling, shipping or storing these devices. 
. Stresses above those listed under ‘Absolute Maximum Ratings” may cause permanent damage to the devices. These are stress ratings 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of the 


specifications is not implied. 


Output Clamp 


In chopper-stabilized amplifiers, the output clamp pin 
reduces overload recovery time. When a connection is 
made to the inverting input pin (Summing junction) just 
before the device output saturates, a current path is 
created between that point and the output pin. This 
prevents uncontrolled differential input voltages and 
charge buildup on correction-storage capacitors. Output 
swing is reduced. | 


Clock 


The TSC7652 has an internal oscillator with a 275 Hz chop- 
ping frequency at the clock out pin on 14-pin devices. An 
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1 
2 
3. 
4. Limiting input current to 100 nA is recommended to avoid latchup problems. Typically 1 mA is safe; however, this is not guaranteed. 
5. 
6. 


external clock can also be used. !n normal operation, the 
INT/EXT pin, with an internal pull-up, may be left open. 
To disable the internal clock and use an external one, 
however, this pin must be tied to Vs: Then the external 
clock signal may be applied to the ext clock-in pin. An 
internal divide by two provides 50% input switching duty 
cycle. Because capacitors are charged only when Ext 
Clock In is high, a 50 to 80% positive duty cycle is recom- 


- mended, especially for higher frequencies. The external 


clock can swing between Vs and Vs, with the logic 
threshold about 2.5V below V<t A 550 Hz signal with a 
70% duty cycle (internal clock signal before being fed to 
the divider) is present at the Ext Clock In pin with INT/EXT 
high or open. 


LOW NOISE, CHOPPER STABILIZED 
OPERATIONAL AMPLIFIER 


With a strobe signal available, take the following approach 
to avoid capacitor misbalancing during overload. If the 
stobe signal is connected to Ext Clock In so that it is low 
when the overload signal is applied to the amp, neither 
capacitor will be charged. Because capacitor pin leakage 
is low at room temperature, most amps will drift less than 
10 wV/second, allowing long measurements with slight 
offset change. 


Test Circuit 


OUTPUT 


Inverting Amplifier 


INPUT 


Non-Inverting Amplifer 


13-71 


TSC7652 


APPLICATION NOTES 


Component Selection 


CEXTA and CEXTB (required capacitors) operate in the 
0.1 uF to 1.0 nF range. For minimum clock ripple noise, 
use a 1.0 »F capacitor in broad bandwidth circuits. For 
limited bandwidth applications where clock ripple is filtered 
out, use a 0.1 wF capacitor for slightly lower offset voltage. 
Try mylar or another high-quality film-type capacitor, 
although a lower grade (such as ceramic) may work in 
some applications. For quickest settling after inital turn-on, 
use low dielectric absorption capacitors (e.g., polypro- 
pylene). With ceramic capacitors, settling to 1 nV takes 
several seconds. 


Static Protection 


Although input diodes static protect all device pins, avoid 
strong static fields and discharges that can cause degraded 
diode junction characteristics and produce increased input- 
leakage currents. 


Latchup 


Junction-isolated CMOS circuits have a 4-layer (p—n-p-n) 
structure similar to an SCR. Sometimes this junction can 
be triggered into a low-impedance state and produce excess 


Follower 


TSC7652 


supply current. Therefore, avoid applying to any pin voltage 
greater than 0.3V beyond the supply rails. Establish the 
amplifier supplies at the same time or before any input 
signals are applied. If this cannot be done, drive circuits 
must limit input current flow to under 1 mA to avoid latchup, 
even under fault conditions. | 


Output Stage/Load Driving 


The output circuit is high impedance (about 18 kQ). With 
lesser loads, the chopper amplifier behaves somewhat like 
a transconductance amplifier with an open-loop gain pro- 
portional to load resistance. (For example, the open-loop gain 
is 17 dB lower with a 1 kQ load than with a 10 kQ load.) If 
the amp is used only for DC, the DC gain is typically greater 
than 120 dB (even with a 1 kQ load), and this lower gain 
is inconsequential. For wideband, the best frequency 
response occurs with a load resistor of at least 10 kQ. This 
produces a 6 dB/octave response from 0.1 Hz to 2 MHz, with 
phase shifts of less than 2 degrees in the transition region, 
where the main amplifer takes over from the null amplifier. 


Thermo-Electric Effects | 


The thermo-electric (Peltier) effects in thermocouple 
junctions (or dissimilar metals, alloys, silicon, etc.) limit 
ultra-high precision DC amplifiers. Unless all junctions are 
at the same temperature, thermo-electric voltages around 
0.1 pV/°C (up to tens of nV/°C for some materials) are 
generated. To realize the low offset voltages of the chop- 
per, avoid temperature gradients. Enclose components to 
eliminate air movement, especially from power-dissipating 
elements in the system. Where possible, use low thermo- 
electric-coefficient connections. Keep. power supply 
voltages and power dissipation to a minimum. Use high- 
_ impedance loads and seek maximum separation from 
surrounding heat-dissipating elements. 


| Guarding 


To benefit from TSC7652 low-input currents, take care 
assembling printed circuit boards. Clean boards with 
alcohol or TCE and blow dry them with compressed air. 
- To prevent contamination, coat boards with epoxy or 
silicone rubber. 


Even if boards are cleaned and coated, leakage currents 
may occur because input pins are next to pins at supply 
potentials. To reduce this leakage, use guarding to lower 
the voltage difference between the inputs and adjacent 
metal runs. The guard (a conductive ring surrounding 


PRODUCT INFORMATION 


inputs) is connected to a low-impedance point at about the 
same voltage as inputs. Then the guard absorbs leakage 


currents from high volage pins. 


The 14-pin dual- -in- -line arrangement simplifies guarding. 
Like the LM108 pin configuration (but unlike the 101A and 


_ 741), pins next to inputs are not used. 


Pin Compatibility 


Where possible, the 8-pin device basic pinout conforms 
to such industry standards as the LM101 and the LM741. 
Null storing external capacitors connect to pins 1 and 8, 
which are usually for offset-null or compensation capa- 
citors. Output clamp (Pin 5) is similarly used. For OP-05 
and OP-07 devices, replacement of the offset-null pot 
(connected between pins 1 and 8 and Vg _ by two 
capacitors from those pins to Vs) provides compatibility. 
Replacing the compensation capacitor between pins 1 and 
8 by two capacitors to Vs is required. The same opera- 
tion (with the removal of any connection to Pin 5) works 
for LM101, “A748 and similar parts. 


Because NC pins provide guarding between input and 
other pins, the 14-pin device pinout conforms closely to 


_ the LM108. Because this device does not use any extra 


pins and does not provide offset-nulling (but requires a 
compensation capacitor), some layout changes are neces- 
sary to convert to the TSC7652. 


Some Applications 


To improve circuit performance through ‘aducing 
input-offset voltage and bias current, use the TSC7652 
Operational Amplifier. | 


Figures i and 2 show basic inverting and non-inverting 
amplifier circuits using the output clamping circuit to 
enhance overload recovery performance. The only limita- 
tions on replacing other op amps with the TSC7652 are 
supply voltage + 8V maximum) and output drive capability 
(10 kQ load for full swing). Overcome these limitations with 
a booster circuit (Figure 3) to combine output capabilities 
of the LM741 (or other standard device) with input capa- 
bilities of the TSC7652. These two form a composite 
device; therefore, when adding the feedback network, 
monitor loop gain stability. 


Figure 4 shows the clamp circuit of a zero-offset com- 
parator. Because the clamp circuit requires the inverting 
input to follow the input signal, problems with a chopper- 
stabilized op amp are avoided. The threshold input must 
tolerate the output clamp current ~ VIN/R without disrup- 
ting other parts of the system. 
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200k to 
2MQ 


Figure 4. 
Low Offset Comparator 


| Figure 5 shows how the TSC7652 can offset-null high slew 
Figure 1. rate and wideband amplifiers (such as the HA2500 and 
Non-Inverting Amplifier with (Optional) Clamp HA2600 series). 


Mixing the TSC7652 with circuits operating at +15V 
requires a lower supply voltage for the CMOS op amp. To 
do this easily, build a voltage divider with the 7660 Voltage 
Converter circuit operated “backwards.” Figure 6 shows 
an approximate connection. 


Figure 2. 
inverting Amplifier with (Optional) Clamp 


Figure 5. 


HA2500 or HA2600 Offset-Nulled by TSC7652 


Figure 3. Figure 6. 
Using 741 to Boost Output Drive Capability Splitting +15V with the 7660 at <95% efficiency 
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lop VS. + VsuppLy | | | Noise at 0.1 to 10 Hz 


“ 1807652 


Sneha 


| it atti 
subi ou 


Ipp (uA) 


= 


CLAMP CURRENT 


ai 
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eS 
Ls 
Li 
a 
ze 
Ei 
ae 


40 41 42 43 44 45 46 47 48 49 50 1 sec/div 
Output Voltage Vour (V) 
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Phase-Gain (Bode Plot) Negative Clamp Current 
PHASE CLAMP 
CURRENT 
+240° imA 
+180° imA 
+4120 01MA 
+60 THA 
0 AA 
60 O1pA 
120° 1nA 
180° inA 
01nA 
1Hz 10Hz 100Hz 1KHz 10KHz 100KHz  1MHz 
1pA 
PHASE-GAIN 4 
+5V, +2.5V Supplies 40 41 42 43 44 45 46 47 48 49 50 
No Load to 10K Load Output Voltage Vout (V) 


Bonding Diagram 

Rout VS. Vout 
Vout (V) ' 
INT. bg Vs Vout CLAMP 
-5.000 


hee 
HEN | 
ELEN, 


LLELEET 


SOURCE 


“$® tsc7652 


1E +02 ; 1E+06 
R_ decade/div (Q) 


-3.000 
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Noise at 0.1 to 100 Hz Slew Rate 
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HIGH VOLTAGE, CHOPPER STABILIZED 


FEATURES 

@ High voltage operation—+ 15 V 

@ Low noise (0 to 1 Hz)—0.2 uVp_p 

—™ Wide common mode voltage—Vs to Vs - 2V 
m Low supply current—1 mA 

m@ Low offset voltage—10 iV 

m@ Pin compatible to low-voltage 7652 

m@ Low impedance output 


FUNCTIONAL DIAGRAM 


OUTPUT OUTPUT a. TSC76HV52 


CLAMP CIRCUIT 
5 © OUTPUT 
LOW OUTPUT IMPEDANCE 
BUFFER 


INT/EXT 

EXT CLK IN 

CLK OUT 
14-PIN DIP ONLY 


© 1987 * Patented—Patent No. 4605907 
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CEA DESCRIPTION 


The TSC76HV52 brings the benefits of chop- ' 


per stabilized operational amplifiers to the engineer 
needing high voltage power supply operation. As a 
substitute for the 7652, the TSC76HV52 offers 
reduced power dissipation, wider common mode 
voltage and greater output current drive capability. 
Pin compatible with the low voltage 7652, the 
TSC76HV52 extends power supply operation to 
+.15V. Single or dual supply operation is possible. 


Optimized for low noise and low power, the 


TSC76HV52 gives premium electrical performance. — 


Noise (0 to 1 Hz) is alow 0.2 pV p. pera from 
+15 V, supply current is only 1.0 a4 


Application seca is neiessed over the 
low-voltage 7652 by extending the input common 
mode voltage to Vs. Common mode rejection is 
120 db. The TSC76HV52 output stage is designed to 
drive loads typical of bipolar operational amplifiers. 


Open loop gain is 120 db minimum with a 10KQ load. 


The TSC76HV52 maximum Vos specifi- 


cation is only 10 nV. The maximum Vog drift is only 


0.3 pV/°C. Input bias currents of only 100 pA 
maximum are lower than those for the industry 


standard OPO7E by a factor of 20. 


In addition to low initial offset errors, the 
nulling circuitry ensures excellent performance over 
time and temperature. Long-term drift; which neces- 
sitates periodic system recalibration, is effectively — 
eliminated. The nulling circuitry continues to operate 
over the full temperature range, whereas laser and 
zener zap trimming are only done at a single 


COMPARISON 

_ Parameter TSC76HV52_ ICL7652CPD 
Input noise 0.2uVpp 0.2uVp.p 
Operating voltage 7t032V 5to16V 
Max supply current _ 1.5mA 3.5mA 
Negative common Vs Vs+0.7V 
mode voltage | 

_ Single supp operation Yes No 
Operating temperature -25to+85°C Oto 70°C 
Hermetic package — Yes No 
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temperature. The result i isa en decrease in 
temperature- “induced errors. 


The TSC76HV52 uses two Saplied to 
correct offset voltage errors. A main amplifier is 
always in the signal path, which prevents switching 
spikes at the output. A separate nulling amplifier 
alternately corrects its own Vog error and then the 
main amplifier's Vos errors. Only two external 
Capacitors are required to store the nulling error 
voltages. All active nulling circuitry, including 
switches and oscillator, are included.on the chip. 


The TSC76HV52 is offered in an 8- or 14-pin 


standard, hermetic Cer DIP package for the same 
cost as standard ICL7652 plastic devices. 


Ordering Information 


Part No. Package | - Temp. Range 
TSC76HV52CPA 8-pin Plastic DIP 0°C to 70°C 
TSC76HV52IJA  8-pin CerDIP -25°C to 85°C 


TSC76HV52CPD 14-pin Plastic DIP 0°C to 70°C 


TSC76HV52IJD 14-pinCerDIP = -25°C to 85°C 
Pin Configurations 

114) INT/EXT 

73] Me CLOCK 


= 
WN OUTPUT 


TSC76HV52 VS 


NC = NO INTERNAL CONNECTION 
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Lead temperature (soldering 10 sec)—300°C 
Current into any pin—10 mA 

Operating temperature range— -25 to +85°C 
Package power dissipation (Tq = 25°C)—500 mw 


Absolute Maximum Ratings 


Total supply voltage (Vs to VS) —36 V 
Input voltage—(Vg + 0.3) to (Vg - 0.3) V 
Storage temperature range— -55 to +150°C 


Electrical Characteristics Vg =+15V Ta = 25°C unless otherwise indicated. 


Note: Single supply operation: Vs = +7 to +32 V. 


SYMBOL ~ PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

Vos Input offset voltage T n=25°C ae ae uV 

Vos/T Average temperature -25°C <Tpa<85°C 0.3 uV/°C 
coefficient of input 
offset voltage 

Ip Average input Ta = 25°C 30 100 pA 
bias current -25°C < Ta < 85°C 10 nA 

los Average input Ta = 25°C 50 100 pA 
offset current 

en Input voltage 0.1 to 1.0 Hz 0.2 Vp. 
sere : Rs < 100 Q : eae 

en Input voltage 0.1 to 10 Hz 0.8 uVp.p 
noise Rg <1002 

CMRR Common-mode V¢<sVomsVs-2V | 120 140 dB 
rejection ratio 

CMVR Common-mode Vs Ve-2.0 V 
voltage range 

AOL Open-loop Ry = 10 kQ 120 140 dB 
voltage gain Vo=+10V 2 

VOUT Output voltage Ry = 10 kQ Vo+1V Vo-1.24 V 
swing 

BW Closed-loop Closed-loop gain 0.5 MHz 
bandwidth =+1 

SR Slew rate Ry = 10 kQ 0.5 V/us 

C, =50 pf 

PSRR Power supply Vs=+5Vto+15V 120 140 dB 
rejection rate 

Vs Operating supply (See note) +3.5V +16V 7 V 
voltage range 

Aig Quiescent supply Vs=215V pf to fas mA 
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Theory of Operation 

Figure 1 shows the major elements of the 
TSC76HV52. There are two amplifiers: the main 
(signal) amplifer and the nulling amplifier. Both have 
offset nulling capability. The main amplifier is always 
connected to the output. The nulling amplifier 
alternately samples and adjusts its own offset, and 
then the offset of the main amplifier. 


A two-phase operation nulls the main 
amplifier. During the first phase the A pair of 
switches closes, while the B switches open. The 
nulling amp's inputs are shorted and its output is fed 
back to the nulling input. Capacitor Ca charges to a 
voltage which will maintain the nulling amp in its 
nulled state. 


During the second phase the B switches 

_ Close and the A switches open. The nulling amp's | 
inputs now sample the offset voltage of the main 

amp. The nulling amp drives the main amp's nulling 
input to cancel the main amplifier's offset voltage. 
Capacitor Cp stores the nulling voltage of the main 
amplifier while the nulling amp is being nulled on the 
next cycle. 


The TSC76HV52 design also incorporates an 
additional output buffer stage. The buffer provides a 
low impedance output traditionally associated with 
bipolar op amps. Some CMOS chopper-stabilized 
amplifiers such as the 7650 have a high output 


Figure 1: TSC76HV52 contains nulling and main amplifiers. 


are stored on two external capacitors. 
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impedance which makes open-loop gain proportional 
to load resistance. The TSC76HV52 open-loop gain 
is not eober del on load resistance. 


Pin Compatibility | 
Since the TSC76HV52 operates from the same 
+15 V power supplies as bipolar op amps, upgrading 
existing circuits is simple. The bipolar op amp's nulling 
and compensation components are removed and the 
TSC76HV52 nulling capacitors are added. 


On the 8-pin mini-DIP TSC76HV52 the external 
null storagae capacitors are connected to pins 1 and 
8. On most other operational amplifiers these are 
either left open or used for offset potentiometer or 
compensation capacitor connections. 


For OP05 and OP07 operational amplifiers, 
replacing the offset null pot between pins 1 and 8 with 
two capacitors from the pins to Vs will convert the 
OP05/07 pin configuration for TSC76HV52 operation. 

_ The 741 is easily upgraded by removing the nulling pot 
between pin 4 and pins 1 and 5, then conecting 
capacitors from pin 4 to pins 1 and 8. For LM108 
devices the compensation capacitor is replaced by the 
external nulling capacitors. The LM101/748/749 
pinouts are modified similarly by also removing any 
circuit conections to pin 5. On the TSC76HV52 pin 5 is 
the output clamp connection. Other operational — 
amplifiers may use this pin as an offset or 
compenation point. 


Offset correction voltages 


MAIN 
AMPLIFIER 


V-O 
ANALOG 
INPUT 


vt Oo 


“~. 


TSC76HV52 


NULL 
AMPLIFIER 


Q OUTPUT 


LOW IMPEDANCE. - 
BUFFER 


L : 
EXTERNAL 


-CAPACITORS 


% 
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The minor modifications needed to retrofit a 
TSC76HV52 into existing sockets make prototyping 
and circuit evaluation straightforward. 


Nulling Capacitors 

The offset voltage correction capacitors are 
- conected to Ca and Cp. The common capacitor 
connection is made to Vs (pin 4) on the 8-pin 


packages and to capacitor return (Cp, pin 8) on the | 


14-pin packages. The common connection should 
be made through either a separate PC trace or wire 
to avoid voltage drops. Internally, Vs is connected 
to Cr. 


Component Selection 

The two required capacitors, Ca and Cp, 
have optimum values depending on the clock or 
chopping frequency. For the preset internal clock, 
the correct value is 0.1 uF. To maintain the same 
relationship between the chopping frequency and 
the nulling time constant, the capacitor values 
should be scaled in proportion to the external clock if 
used. High quality film-type capacitors such as 
mylar are preferred. Ceramic or other lower-grade 
capacitors may be suitable in some applications. 
For fast setting on initial turn-on, low dielectric 
absorprion capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several 


seconds may be required to settle to 1 uV. Not 
recommended are 25 V ceramics. 


Figure 2: Nulling capacitor connection 


14 PIN PACKAGE 8 PIN PACKAGE 


(PIN 8 IS CONNECTED TO 
PIN 7 INTERNALLY) 


Clock Operation 

The internal oscillator is set for a 1,000 Hz 
nominal frequency on both the 8- and 14-pin dual-in- 
line packages. With the 14-pin DIP TSC76HV52, the 
250 Hz internal chopping frequency is available at 
the internal clock output (pin 12). A 1,000 Hz 
nominal signal will be present at the external clock 
input pin (pin 13) with INT/EXT high or open. This is 
the internal clock signal before a divide by four 
operation. 


The 14-pin DIP device can be driven by an 
external clock. The INT/EXT input (pin 14) has an 
internal pull-up and may be left open for internal 
clock operation. If an external clock is used, 
INT/EXT must be tied to Vg (pin 7) to disable the 
internal clock. The external clock signal is applied to 
the external clock input (pin 13). 


The external clock amplitude should swing 
between Vs and ground for power supplies up to + 6 V 
and between Vs and Vs - 6 V for higher supply 
voltages. When the external clock is generated by 
+ 5 V logic, capacitive coupling to pin 13 (through a 
0.1 uF capacitor) provides adequate drive. 


At low frequencies the external clock duty 
cycle is not critical since an internal divide by four 
gives the desired 50% switching duty cycle. The 
offset storage correction capacitors are charged 
only when the external clock inputis high. A 50 to 
80% external clock positive duty cycle is desired for 
frequencies above 500 Hz to guarantee transients 
settle before the internal switches open. 

The external clock input can also be used as 
a strobe input. If a strobe signal is connected at the 
external clock input so that it is low during the time 
an overload signal is applied, neither capacitor wil be 
charged. This function can be used to prevent input 
transients from overloading the nulling circuitry. The 
leakage currents at the capacitor pins are very low, 
so Offset voltage dirft during strobe operation is 
minimized. 


Output Clamp 

Chopper-stabilized systems can exhibit long 
recovery times from overloads. !f the output is 
driven to either supply, outout saturation occurs. 
The inputs are no longer held at virtual ground. The 
Vos__ null circuit treats the differential signal as an 
offset and tries to correct it by charging the external 
capacitors. The nulling circuit also saturates. Once 
the input signal returns to normal, the repsonse time 
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is lengthened by the long recovery time of the nulling 
amplifier and external capacitors. 


Through an external clamp connection, the 
TSC76HV52 eliminates the overload recovery 
problem by reducing the feedback network gain 
before the output voltage reaches either supply rail. 


The output clamp circuit is shown in Figure 3 
withn typical inverting and non-invertig circuit 
conections shown in Figures 4 and 5. For the clamp 
to be fully effective, the impedance across the 


clamp output should be greater than 100k Q. 


When the clamp is used, the clamp OFF 
leakage will add to input bias current. However, | 
clamp leakage in the OFF state is typically only 1 pA. 


Figure 3: Internal clamp circuit 


INTERNAL : | 
POSITIVE CLAMP BIAS ~ V+ — v7 ~ Vt —0.7V 
—~ PCHANNEL - 


© OUTPUT 
CLAMP 
PIN 


N CHANNEL 
[INTERNAL : 

NEGATIVE CLAMP BIAS ~ V- + V7 

, . =V—-+0.7V 


o TSC915 
OUTPUT 
PIN 


Input Bias Current | 

The TSC76HV52 inputs are never 
disconnected from the main internal amplifier. The 
null amplifier samples the input offset voltage and 
corrects DC errors and drift by storing compensating 
voltages on external capacitors. The sampling ~ 
causes, however, charge transfer at the inputs. 


The impulse current is not usually a problem 
because the amount of charge transferred is very 
small. Care should be exercised, however, when 
replacing high input bias current bipolar op amps. 
Conventional design practice is to cancel bias 
current by matching the input impedances (Figure 
6A). the TSC76HV52 has an input bias current of 
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only 100 pA maximum so the additional resistor is 
not necessary. In fact, including the resistor will 
make the charge injection current, passing through 


_ the impedance balancing resistor, appear as a noise 


source. When replacing an existing op amp with the 
TSC76HV52, either omit the resistor or bypass it to 
ground with a capacitor (Figure 6B). | 


Figure 4: Non-inverting amplifier 
with optional clamp — 


*CONNECT TO V§ 
ON 8 PIN DIP 


TSC76HV52 


— RZ + (Rq/R2) > 100k2 
FOR FULL CLAMP EFFECT 


Figure 5: inverting amplifier 
with optional clamp 


TSC76HV52 


(Ry || Ro) > 100 ko 
FOR FULL CLAMP EFFECT 


CONNECT CAPACITORS TO 
Vg WITH8-PINPACKAGE O.7uF 0.1 uF 
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Figure 6: Input bias curve cancellation 


OFFSET 
NULLING 


FREQUENCY 
BIAS CURRENT COMPENSATION 
CANCELLATION RESISTOR —15V 


(a) High Input Bias Current Op Amp 


Typical Characteristic Curves 


TSC76HV52 


8 tsc76HV52 


0.1 uF 


OFFSET 
OMIT OR BYPASS NULLING 
RESISTOR WITH TSC915 


(b) Low Input Bias Current 


Supply Current Input Offset Voltage vs - Gain and Phase 
vs + Supply Voltage Common-Mode Voltage vs Frequency 
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OUTPUT VOLTAGE SWING (V) 


_ NEW PRODUCT INFORMATION 


TSC76HV52 


Typical Characteristic Curves (continued) 


Output Voltage Swing Input Common-Mode Voltage Input Offset Voltage 
vs Load Resistance Range vs Supply Voltage vs Clock Frequency 
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“9 TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ T S C 9 4 2 0* 


_T$C9421 


HIGH VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


Br Nae 
SOS 


Features | 
M@ High-Voltage Operation ................ +15V 
M@ Low Offset Voltage ............... 5 pV Max., 
@ Low Offset Voltage Drift ............ 0.1 uV/°C 
@ Low Input Bias Current .......... 30 pA Max. 
@ High Open-Loop Voltage Gain ........ 140 dB 
@ Wide Common-Mode Voltage 

Range: 24 cac sew aciiecs aa ien dunes -15V to +13V 
@ Low Input Voltage 

Noise (0.1 to 1 Hz) ................. 0.2 uV/p-p 
@ Low Supply Current .................... 1mA 
M Single Supply Operation ........... 7to 32V 


@ Output Clamp Speeds Overload Recovery Time 


OUTPUT 
CLAMP 
CIRCUIT 


TSC9420 
TSC9421 


OUTPUT O 
CLAMP 


; © OUTPUT 
: B 


LOW OUTPUT IMPEDANCE 
UFFER 


INT/EXT 
EXT CLK IN 
CLK OUT 


l 
| 
| : 
| 
Ca&Cg EXTERNAL CAPACITORS | = ,14-PIN DIP ONLY | 
Ca =Cy=O.1uF Lae es 


* Patented — Patent Number - 4,605,907 


13-85 


TSC9420 
TSC9421 


General Description 


The TSC9420/9421 is a high-voltage, high per- 


formance CMOS chopper-stabilized operational 
amplifier. The TSC9420/9421 can operate from the 


same -£15V power supplies as are commonly used to 


power bipolar op amps such as the OPO7 and 741. 
Previous CMOS chopper amplifiers, such as the 7650, 
were limited to operating from +7.5V supplies. | 


The TSC9420/9421 maximum Vos'specification is 
only 5yuV, almost a factor of 14 improvement over the 
industry standard OP07E. The maximum Vos drift of 0.1 
LN /°C is twelve times less than the OPO7E. Input bias 
and offset currents, both only 30 pA maximum, are 
factors of 60 improvements. 


In addition to low initial offset errors, the nulling 
Circuitry ensures excellent performance over time and 
temperature. Long term drift, which results in periodic 
recalibration, is effectively eliminated. The nulling cir- 
cuitry continues to operate over the full temperature 
range, whereas laser and “zener zap” trimming are only 
done at a single temperature. The result is a significant 
decrease in temperature-induced errors. 


The TSC9420/9421 operates from dual or single 
power supplies. Supply current is typically 1 mA with 
+15V supplies. Single supply operation extends from 
+7V to +32V, and the input common-mode range 
extends to Vs. For battery operation, see the low-power 
TSC900 data sheet. 


Open-loop gain is 120 dB minimum with a 10 kQ 
load. Unlike the 7650, the TSC9420/9421 gain is 
independent of load resistance. The low impedance 
output will drive a 10kQ load to +14V. An output clamp 
circuit is provided to minimize overload recovery time. 


The TSC9420/9421 uses two amplifiers to correct 
~ Offset voltage errors. A main amplifier is always in the 
signal path, which prevents switching spikes at the 
output. A separate nulling amplifier alternately corrects 
its own Vos error and then the main amplifier’s Vos error. 
Only two external capacitors are required, to store the 
nulling error voltages. All active nulling circuitry, including 
switches and oscillator, are included on the chip. 


The TSC9420/9421 are pin compatible with 
maxim’s Max 420/421. a 


HIGH VOLTAGE AUTO-ZEROED 


: OPERATIONAL AMPLIFIER 


Ordering Information 


Part No. Package 


TSC9420CPA 


- TSC9420EJA 


TSC9421CPD 
TSC9421EJD 
TSC9420EPA 


TSC9421EPD 


8-Pin 
Plastic DIP 


8-Pin 
CerDIP 


14-Pin 
14Pin 
CerDIP — 
8-Pin 
Plastic DIP 
14-Pin os ‘ 
Plastic DIP | 


Pin Configuration 
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-40°C to +85°C 


O° to +70°C 
Plastic DIP .. : . 


-A0°C to +85°C 
“40°C to +85°C 


-40°C to +85°C 


Pi 
+InPUT [3 JTSC9420 16 | OUTPUT 


NC = NO INTERNAL CONNECTION 


Temp. 
Range 


0°C to +70°C_ } 


Max. 


~ Vos 


—10 nV 


5 uv 
10 wV 
5 uv 
5uV 


5uV 
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TSC9421 


Absolute Maximum Ratings 


Total Supply Voltage Vs to Vs ..............5. 36 V Operating Temperature Range 

Input voltage .......... (Vs + 0.3) to (Vs - 0.3) Volts C Device ......... ccc cece eee ee eee 0° to +70°C 

Storage Temp. Range ............ -55°C to +150°C E.D6VICC” cscsswiacecse teen sees -40°C to +85°C 

Lead Temperature (soldering 10 sec) ........ 300°C Package Power Dissipation (Ta = 25°C) 

Current into any pin ......... 0.0... cece eee 10mA CerbDiP: Package ai cures tens cedanuurs + 500 mW 
Plastic Package csssesidacdaeawebes eee 375 mW 


Electrical Characteristics (V* = 15V, V" = 15V, Ta = 25°C. Test circuit unless noted.) 


SYMBOL PARAMETER TEST CONDITIONS MAX UNITS 


1 5 
: Over Temperature +2 +20 
Range : +2 +10 


aVos Average Temperature Over Temperature UNIPC 
al Coefficient of Input Range 
Offset Voltage 


lp Input Bias Current we = +25°C 10 pA 
10 pA 

Ls eetiaamanowen! Temperature 30 pA 

Range 35 pA 

los Input Offset Current Ta = +25°C 15 200 pA 
15 60 pA 

Over Temperature 30 pA 

Range 50 pA 


Avot Large Signal Voltage Gain | Ri = 10kQ, Vour = +£10V, Ta = 25°C 150 dB 
Over Temperature Range 150 dB 
Vout Output Voltage Swing CLAMP not Ri = 10kQ +12 (+145 V 
connected Ri = 100kQ +14.95 V 
CMVR  Common-Mode +12, -15 | +13,-15.1 V 
Voltage Range 
CMRR  Common-Mode CMVR = +12V to -15V Over dB 
Rejection Ratio Temperature Range 
PSRR Power Supply +3V to +16.5V Over 
-Rejection Ratio Temperature Range 
Cnp-p Input Noise Voltage Rs = 1009, DC to 1Hz 0.3 LN p-p 
(P-P value not exceeded DC to 10 Hz 1.1 LNo-p 
95% of time) 
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HIGH VOLTAGE AUTO-ZEROED 
- OPERATIONAL AMPLIFIER | 


Electrical Characteristics (V* = 15V, V" = 15V, Ta = 25°C. Test circuit unless noted.) 


TEST CONDITIONS | MIN TYP 


SYMBOL PARAMETER _ MAX. UNITS 
In Input Noise Current f=10Hz tat pA/\/Hz 
GBW _Unity-Gain Bandwidth | | 500 kHz 
SR _— Slew Rate Ci = 50pF, Ri = 10k a a ee a 
tr Rise Time | | | or | gs 
| Overshoot ei See % 
V*,V- Operating Supply Range +2.5 | 16S V 
Is ~ Supply Current - No Load, Ta = 25°C ee bee | mA 
: | Over Temperature Range Es mA 
fon Internal Chopping Frequency Pins 12-14 Open TSC9421 a ee Hz 
Clamp ON Current (Note 3) Ri = 100kQ | 25 | 100 | ~~ | wa 


Clamp OFF Current (Note 3) -10V S Vour = + OV 
Offset Voltage vs Time - 


Notes: 


1. Static Sensitive Device. unused devices should be stored in conductive 
material. 

2. Stresses above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. These are stress ratings only 


Theory of Operation 


Figure 1 shows the major elements of the 
TSC9420/9421. There are two amplifiers: the main 


(signal) amplifier and the nulling amplifier. Both of these 


have offset nulling capability. The main amplifier is 
always connected to the output. The nulling amplifier 
alternately samples and adjusts its own offset, and then 
the offset of the main amplifier. 


A two-phase operation nulls the main amplifier. 


During the first phase the A pair of switches close, while 
the B switches open. Then nulling amp’s inputs are 


and functional operation of the device at these or any other conditions 
above those indicated in the operational sections of the specifications is 
not implied. 


. Single Supply Operation: Vs = +7V to +32 V. 


shorted and its output is fed back to the nulling input. 


Capacitor Ca charges to a voltage which will maintain the 
nulling amp in its nulled state. 


During the second phase, the B switches close and 
the A switches open. The nulling amp’s inputs now 
sample the offset voltage of the main amp. The nulling 
amp drives the main amp’s nulling input to cancel the 
main amplifier’s offset voltage. Capacitor Ce stores the 
nulling voltage of the main amplifier while the nulling amp 
is being nulled on the next cycle. © 


MAIN a . 
AMPLIFIER a 
>—4 0 ouTPuT 


vw 
TSC9420 
TSC9421 


LOW IMPEDANCE 
BUFFER ‘ 


NULL 
AMPLIFIER 


Cg 


v EXTERNAL 


CAPACITORS 


i 


Figure 1: 7S¢9420/9421 Contains a Nulling and Main Amplifier. Offset Correction Voltages are Stored on Two 


External Capacitors. 
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TSC9420 
_TSC9421 


The TSC9420/9421 design also incorporates an 
additional output buffer stage. The buffer provides a low 
impedance output traditionally associated with bipolar 
op amps. Some CMOS chopper-stabilized amplifiers, 
such as the 7650, have a high output impedance which 
makes open-loop gain proportional to load resistance. 
The TSC9420/9421 open-loop gain is not dependent on 
load resistance. 


Pin Compatibility 

Since the TSC9420/9421 operates from the same 
+15V power supplies as do bipolar op amps, upgrading 
existing circuits is simple. The bipolar op amp’s nulling 
and compensation components are removed, and the 
TSC9420/9421 nulling capacitors are added. 


On the 8-pin mini-DIP TSC9420 the external null 
storage capacitors are connected to pins 1 and 8. On 
most other operational amplifiers these are left open or 
are used for offset potentiometer or compensation 
Capacitor connections. 


For OPO5 and OPO7 operational amplifiers, re- 
placing the offset null pot between pins 1 and 8 with two 
capacitors from the pins to Cret will convert the OP05/07 
pin configuration for TSC9420 operation. The 741 is 
easily upgraded by removing the nulling pot between pin 
4 and pins 1 and 5, then connecting capacitors from pin 4 
to pins 1 and 8. For LM108 devices the compensation 
capacitor is replaced by the external nulling capacitors. 
The LM101/748/709 pin outs are modified similarly by 
also removing any circuit connections to pin 5. 


The minor modifications needed to retrofit a 
TSC9420 into existing sockets make prototyping and 
circuit verification straightforward. 


14 PIN PACKAGE 


8 PIN PACKAGE 


(PIN 8 IS CONNECTED TO 
PIN 7 INTERNALLY) 


Figure 2: Nulling Capacitor Connection 


Nulling Capacitors 


The offset voltage correction capacitors are con- 
nected to Ca and Cg. The common capacitor connection 
is made to Crer (Pin 5) on the 8-pin packages and to 
capacitor return (Crer, Pin 8) on the 14-pin packages. 
The common connection should be made through either 
a separate pc trace or wire to avoid voltage drops. 


Internally Vs is connected to Crer. 


Ca and Ces should be 0.1 wF film capacitors. Mylar 
Capacitors are suitable. 


Component Selection 


The two required capacitors, Ca and Cs, have 
optimum values depending on the clock or chopping 
frequency. For the preset internal clock, the correct 
value is 0.1 wr. To maintain the same relationship 
between the chopping frequency and the nulling time 
constant, the capacitor values should be scaled in 
proportion to the external clock if used. High-quality film- 
type capacitors such as mylar are preferred. Ceramic or 
other lower-grade capacitors may be suitable in some 
applications. For fast settling on initial turn-on, low 
dielectric absorption capacitors (such as polypropylene) 
should be used. With ceramic capacitors, several 
seconds may be required to settle to 1 pV. 


Clock Operation 


The internal oscillator is set for a 1000 Hz nominal 
frequency on both the 8 and 14-pin dual-in-line pack- 
ages. With the 14-pin DIP TSC9421, the 250 Hz internal 
frequency is available at the internal clock output (Pin 
12). A 1000 Hz nominal signal will be present at the 
external clock input pin (Pin 13) with INT/EXT high or 
open. This is the internal clock signal before a divide by 
four operation. 


The 14-pin DIP device can be driven by an external 
clock. The INT/EXT input (Pin 14) has an internal pull-up 
and may be left open for internal clock operation. If an 
external clock is used INT/EXT must be tied to Vs (Pin 7) 
to disable the internal clock. The external clock signal is 
applied to the external clock input (Pin 13). 


The external clock amplitude should swing between Vs 
and ground for power supplies up to +6V and between 
Vs and Vg -6 V for higher supply voltages. When the 
external clock is generated by +5 V logic, capacitive 
coupling to Pin 13 (through a 0.1 wF capacitor) will 
provide adequate drive. 


At low frequencies the external clock duty cycle is 
not critical since an internal divide by four gives the 
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TSC9421 


desired 50% switching duty cycle. The offset storage 
correction capacitors are charged only when the external 
clock input is high. A 50-80% external clock positive duty 
cycle is desired. for frequencies above 500 Hz to 
guarantee transients settle before the internal switches 
open. 

The external clock input. can also be used as a 
strobe input. If a strobe signal is connected at the 
external clock input so that it is low during the time an 
overload signal is applied, neither capacitor will be 
charged. This function can be used to prevent input 
transients from overloading the nulling circuitry. The 
leakage currents at the capacitor pins are very low, so 
offset voltage drift during strobe operation is minimized. 


Output Clamp © 

Chopper-stabilized systems can show long recovery 
times from overloads. If the output is driven to either 
supply rail, output saturation occurs. The inputs are no 
longer held at a “virtual ground.” The Vos null circuit 
treats the differential signal as an offset and tries to 
correctit by charging the external capacitors. The nulling 
circuit also saturates. Once the input signal returns to 
normal, the response time is lengthened by the long 
recovery time of the nulling amplifier and external 
Capacitors. 

Through an external clamp connection, the 
TSC9421 eliminates the overload recovery problem by 
reducing the feedback network gain before the output 
voltage reaches either supply rail. 

The output clamp circuit is shown in Figure 3 with 
typical inverting and non-inverting circuit connections 
shown in Figure 4 and 5. For the clamp to be fully 
effective, the impedance across the clamp output should 
be greater than 100 KQ. 


When the clamp is used, the clamp “OFF” leakage | 


will add to input bias current. However, clamp leakage in 
the “OFF” state is typically only 7 pA. 


INTERNA 
POSITIVE CLAMP BIAS = V+ — V7 = V+ -0.7V 
P CHANNEL . a 
N CHANNEL . 
INTERNAL , 
NEGATIVE CLAMP BIAS = V~+V7_ . 
=V~+O0.7V° 


o TSC9420/TSC 9421 
oorrer 


Figure 3: Internal Clamp Circuit 


HIGH VOLTAGE AUTO- ZEROED 
OPERATIONAL AMPLIFIER 


a" 
TSC9420 
—-Tsc9421 


R3 + (Rq/R2) 2 100k: 
_ FOR FULL CLAMP EFFECT 


Figure 4: Non-Inverting Amplifier with Optional 


_ Clamp 


~TSC9420 
TSC9421 


OUTPUT 


(Ry | Rg) > 100 kK2 
_]. FOR FULL CLAMP EFFECT 


O.1uF O.1uF 


Figure 5: Inverting Amplifier with Optional Clamp _ 


Input Bias Current 


The TSC9420/9421 are never disconnected from 
the main internal amplifier. The null amplifier samples 
the input offset voltage and corrects DC errors and drift 


_ by storing compensating voltages on external capacitors. 


The sampling causes, however, charge transfer at the 
inputs. 

The impulse current is not usually a problem, 
because the amount of charge transferred is very small. 
Care should be exercised, however, when replacing 
high input bias current bipolar op amps. Conventional 
design practice is to cancel bias current by matching the 
input impedances (Figure 6a). The TSC9420/9421 has 
an input bias current of only 100 pA maximum, so the 
additional resistor is not necessary. In fact, including the 
resistor will make the charge injection current, passing 
through the impedance balancing resistor, appear as a 
noise source. When replacing an existing op amp with 
the TSC9420/9421, either omit the resistor or bypass it 
to ground with a capacitor (Figure 6b). 
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OFFSET 
NULLING 


Ig = 100 nA, MAX 
Rs % Re 4 


FREQUENCY 


BIAS CURRENT COMPENSATION 


CANCELLATION RES!ISTOR —15V 


(a) High Input Bias Current Op Amp 


Figure 6: Input Bias Current Cancellation 


Latch-Up Avoidance 


Junction-isolated CMOS circuits inherently include 
a parasitic 4-layer (p-n-p-n) structure which has char- 
acteristics similar to an SCR. Under certain circum- 
stances this junction may be triggered into a low 
impedance state, resulting in excessive supply current. 
To avoid the condition, no voltage greater than 0.3 V 
beyond the supply rails should be applied to any pin. In 
general, the amplifier supplies must be established 
either at the same time or before any input signals are 
applied. If this is not possible, the drive circuits must limit 
input current flow to under 0.1 mA to avoid latchup. 


Static Protection 


All device pins are static-protected. Strong static 
fields and discharges should be avoided, however, as 


Typical Characteristic Curves 


Supply Current 
vs + Supply Voltage 


Peer TT 
: 
TTT 
SEGRnV ade 
offer 


0 
0 2 4 6 8 10 12 14 116 18 20 
+ SUPPLY VOLTAGE (V) 


SUPPLY CURRENT (xA) 


P~ 
8 
INPUT OFFSET VOLTAGE (uV) 


Input Offset Voltage vs 
Common-Mode Voltage 


Le 
Pe bck 


-15 -12 -9 -6 -3 0 +3 +6 +9 +12 +15 
INPUT COMMON-MODE VOLTAGE 


13-91 


ae 
TSC9420 


0.1 uF 


OFFSET 


OMIT OR BYPASS NULLING 


RESISTOR WITH TSC915 


(b) Low Input Bias Current TSC9420 


they can degrade diode junction characteristics and 
increase input-leakage currents. 

Many companies are actively involved in providing 
services, educational materials, and supplies to aid 
electronic manufacturers in establishing “static safe” 
work areas where CMOS components are handled. A 
partial company listing is: 


e 3M 
Static Control Systems Division 
223-25W EM Center 
St. Paul, MN 55101 
(800) 792-1072 


@ Semtronics 
P.O. Box 592 
Martinsville, NJ 08836 
(210) 561-9520 


Gain and Phase | 
vs Frequency 


: CTTTN ile 
: aaNet 


\ 
: TNT 
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. OUTPUT VOLTAGE SWING (V) 


TSC9420 


Output Voltage Swing 
vs Load Resistance 


TSC9420 


0 
100 2 VkQ. 10 kQ 100 k92 
LOAD RESISTANCE 


Input Voltage Noise © 


VERTICAL = 14 V/DIV 
HOR = 1 SEC/DIV 


Positive Overload 
Recovery Time 


INPUT VERTICAL 
SCALE = 2V/DIV 


OUTPUT VERTICAL 
SCALE = 5V/DIV 


Tsco421) | tii 
NEGATIVE SWING 


HORIZONTAL SCALE = 50 ms/DIV 


HIGH VOLTAGE AUTO-ZEROED 
OPERATIONAL AMPLIFIER 


Typical Characteristic Curves (Cont.) 


Input Common-Mode Voltage 


Range vs Supply Voltage 


TSC9420 
“4 TSC9421 fl LA -- 
Ta = 25°C : 


COMMON-MODE RANGE (V) 


8 +10 +12 


t ss t +14 +16 
SUPPLY VOLTAGE (V) 


Input Offset Voltage 
vs Supply Voltage 


- INPUT OFFSET VOLTAGE (uV) 


af P 10.12 14 16 #18 20 
+SUPPLY VOLTAGE (V) 
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INPUT OFFSET VOLTAGE (uV) 
3 


Input Offset Voltage 
vs Clock Frequency 


“49 TSC9420 
~| TSC9421 


Lhe | 
CU TA 
SI A 


VV 
0 ma 


errr CLOCK ane FREQUENCY ites 


Negative Overload | 
Recovery Time. 


wT Tsc9420 TSC9421 | 


INPUT VERTICAL 
| SCALE = 2V/DIV - OV 


OU TPUT ERTICA 


_|SCALE = 5V/DIV 
GAIN = —100 
HORIZONTAL SCALE = 50 ms/DIV 


Section 14 


Analog Switches and 
Multiplexers 
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SEMICONDUCTOR TSC441 
The Analog Signal Processing Company™ TS C 4 4 2 


TSC443 


UPROCESSOR COMPATIBLE CMOS ANALOG SWITCHES 


FEATURES 

@ Data Address Latch On-Chip 

@ Transparent Latch with WR = 0 

@ <250 nS Write Pulse Operation 

HM Dual or Single Supply Operation 

M@ Low rps ON < 175 9 Max. (25°C) 

@ 300 vA Supply Current 

@ Analog Input Equal to Supply 

@ 1 nA Analog Input Leakage Current 
@ TTL/CMOS Compatible 

@ Low Current Logic Input 

@ Pin Compatible with DG201 & DG221 (TSC 441) 


Timing Diagram Truth Table (Switch State) 
An WR TSC441 TSC442 TSC443 


acl eee 0 0 Closed Open SW1, SW2 Open 
VIL. <r C/A | | SW3, SW4 Closed 

eR Ra eee esate | Berea 1 0 Open Closed SW1, SW2 Closed 
WR <<—§————-————. ‘osw ——» | 'DHW SWs, SW4 Open 


tpHw: * 50> xX 1 Maintain Previous State 


tww: 260 ns 


tosw: +.250 ns 
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TSC441 uPROCESSOR COMPATIBLE 
TSC442 ___ CMOS ANALOG SWITCHES 
TSC443 


GENERAL DESCRIPTION | | Ordering Information (x = 1, 2 or 3) 

— The TSC441, TSC442 and TSC443 are CMOS Part No. Package Temp. Range 
quad SPST analog switches with data address latches. TSC44 E 16 Pi 6 
The pin-out matches the “201/221” analog switch Pere aR SOI ooreS 
configuration. Pin 12, which is not used on the 201/221, —— 
is the write wa input. The address latch is transparent TSC44xCOE: ss: 16 Pin 0 to 70 °C 
when wr is tied low. | ve. Plastic SO 

This switch family features single or dual supply § TSC44xIJE | 16 Pin | -25 to 85 °C 
operation with analog input voltage range equal to the - CerDIP 
supply voltage. The CMOS design requires very low TSC44xMJE 16 Pin -55 to 125°C 
supply current.  CerDIP 


The TSC441 consists of four normally closed (Form TSC44xY Chip 25°C 
B) contacts, the TSC442 has four normally opencontacts : area 
(Form A) and the TSC443 has two normally open 

contacts and two normally closed contacts 


The TSC443 can be eon as two DPST (Form | 
C) switches. 


On Resistance vs. Input Voltage T, = 25°C 


ON RESISTANCE {Q)} 


INPUT VOLTAGE (V) 
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PRODUCT INFORMATION TSC441 
TSC442 
TSC443 


Absolute Maximum Ratings 


MENON 5. Soh aeid oh wie a ered wees 18V Storage temperature .............. 65 to 150°C 
Vs 1OOROUNC sah rurwitwadeueeoewaseee es 18V Operating temperature range 
Vs 16 QFOUNG. 6424-4508 Wee oes eae -18V CerDIP package (M) ......... .,. -55 to 125°C 
Vs Or VptOVS ... ec e cee eee tees 0 V, -18V CerDIP package (I) ............. -25 to 85°C 
VSOn VOLO VS coset each tendo cent ets 0V, 18V Plastic package (C) .............. 0 to 70°C 
Vpieita, tO Ground... . 2. ee eee ee eee Vs, Vs Package power dissipation (Ta = 25°C) 
Plastic package (C) .......... 375 mW (1 & 2) 

Current” CerDIP package (1&M) ....... 500 mW (1 & 3) 

PV DUA cecerat eared tae hand a een Si rear 20 mA 

S or D, peak (1 ns, 10% duty cycle) ..... 70 mA * Input voltages that exceed Vs or V5 will be clamped by internal diodes. 


Limit Current to maximum current ratings. (1) All pins soldered or 
welded to PC board. (2) Derate at 6.5 mW/°C. (3) Derate at 13mW/°C 
above 75°C. 


Electrical Characteristics Vj=5V,V;=-5 V, GND =0 V unless otherwise indicated. 


Symbol Parameter TestConditions 25°C 0- 70°C -25-85°C | -55-125°C 
Min Typ Max Min Max Min Max Min Max Unit 


Switches 


V,,V, Analog input -5 5 -5 5 5 5 V 
signal range 
[55 ON Drain source V,=+3.5V, 95 175 — 230 230 Q 
ON | switch on, 
resistance I,=1mA 
|,OFF Sourceoff Vst45V, 0.01 1 100 100 120 nA 
leakage Vo = + 4.5V | 
current Switch off 
|, OFF Drain off Vst45V, | 0.01 1 100 100 120 nA 
leakage Vp =+4.5V 
current Switch off 
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—-  ;, Sane 
TSC442—t”*” 
TSC443 


Electrical Characteristics (continued) —v;=5 V, V;=-5 V, GND = 0 V unless otherwise indicated. 


Symbol Parameter  TestConditions tan yp Max 70°C =| -25- 85°C, -55-125°C | Unit 
| Min tan yp Max May. ie Max | Min) Max] Min ; 


Switches (cont) 
|, ON Drain ON V,=V,= +4.5V 
leakage — = switchon 
Current 
Digital 
Vins Input — 
voltage (1) 


V Input 
voltage (0) 


, Input cur- Vieira, = 2 V 0.001 
rent with 
input volt- 
- age high 
les Input cur- a 0.001 
~ rent with 
input volt- 
age low 


i Write pulse (See timing 375 | nS 

width diagram) _ 
a ea Data set- (See timing 375 | ns 

up time diagram) ‘ 

taag Data hold (See timing | ns 
time | diagram) : 

ton Turn-on —s_ (See switch 750 | nS 
time = —_—_—ittime test 

Circuit) 
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TSC441 
TSC442 
TSC443 


Electrical Characteristics (continued) Vg = 5V, Vs =-5V, GND = OV unless otherwise indicated. 


Symbol Parameter TestConditions 25°C 0-70°C | -25-85°C | -55-125°C| unit 
Min Typ Max} Min Max | Min Max Min Max 


PRODUCT INFORMATION 


Dynamic (cont) 

tc Turn-off (See switch 185 350 450 450 nS 
time time test circuit) 

Qing Charge C. = 1 nF, pC 
injection Veen = OV, 

Reen =0Q 

C,OFF Source-off V,=V,=0V pF 
Capacitance Freq = 100 KHz 

C, OFF Drain-off V,=V,=90V pF 
capacitance Freq = 100 KHz 

C,ON Channel-on V,=V,=0V 23 pF 
Capacitance Freq = 100 KHz 
(Except 
TSC444) 

DIRR Offisolation Freq = 100 KHz, 65 dB 

Ri = 1000 

CCRR_Cross-talk Freq = 100 KHz, 70 dB 
rejection Ri = 1000 Q 

Power Supply 

C Positive Vira, = 5 V 275 500 700 700 750 | pA 
supply 
current 

IS Negative V gitac= OV 0.01 10 10 10 12 yA 
supply 
current 

Supply Operating Range , 
Veto Ve 3 16] 3 16 | 3 16 161 V 
Vito ground 3 16] 3 16 | 3 16 167 V 
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TSC441 - PROCESSOR COMPATIBLE 
TSC442 | CMOS ANALOG SWITCHES 
TSC443 


Electrical Characteristics Vg = 5V, Vs = OV, GND = OV unless otherwise indicated. 


Symbol Parameter Test Conditions 25°C 0-70°C -25 - 85°C ; <= 
7 ee ze Min Typ Max] Min Max Min Max. Unit 


Switches | 

Vs, Vp Analog Input Vv 
signal range | . 

‘fos ON Drain source 105 195 240 | 240 260 Q: 
ON switch on, 
resistance ls =1mA 

lIsSOFF Source off Vs =0.5-45V 0.01 1 100 100 120 nA 
leakage Vp = 4.5 - 0.5V . : 
current Switch off | 

IbOFF _ Drain off Vs = 0.5-4.5V 0.01 1 100 ~ 100 420 nA 
leakage Vo = 4.5 - 0.5V ; | 
current Switch off 

Switches (cont) — | 

IbON Drain ON Vp =Vs = 0.5 0.02 1 200 200 230 nA 
leakage to 4.5V 
current Switch off 


Typical Characteristics 


Crosstalk & Feedthrough vs Frequency 


-70) 


SHE 
Date | Smm, CROSSTALK iz | 
oS Sect 
Wag * 
alll S| PPS Pol LIL 
ae ; 


10KHz 100KHz 1MHz 10MHz 
FREQUENCY 


-60 


CROSSTALK/ FEEDTHROUGH (dB) 


-50 


-40 
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TSC441 
TSC442 
TSC443 


PRODUCT INFORMATION 


On Resistance vs. Temperature 


ol 
Ww = +5 Volts 
S = 0 Volts 
fC 
D 
Y) 
LJ 
ao 
=z 
ie) 
TEMPERATURE (°C) 

Turn On/Turn Off Time vs. Temperature 
Ww Vsuppty = +5 Volts 
S Vos = 0 Volts 


TEMPERATURE (°C) 
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Tsc441 re 
Tsc442 pig 
TSC443, 


WR Switching Time Test Circuit 


2eay 
poaic iNeUT | LOGIC : 
; Ko" INPUT 
pee IN LOGIC "0" SW ON 
SWITCH 
INPUT 


SWITCH 
OUTPUT 


=GND 
| | (REPEAT TEST FOR Ap, As and Ax) 


: ": - ee 


Cx. = 1000pF 
ia INx 


IGNAL , | | SIGNAL 
GENERATOR GENERATOR 


ANALYZER . ANALYZER 


C= 0.1 uF C=01uF CCRR=20LOG ———— 
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TSC444 
ge TELEDYNE TSC445 


SEMICONDUCTOR 
The Analog Signal Processing Company™ TS @ 44 6 


TSC447 


MICROPROCESSOR COMPATIBLE 
TCHES 


st th i, wig FEATURES 


@ Data address latch on chip 
m@ Low-power CMOS 
mM 250 ns write 
m@ Transparent latch with wrR=0 
Mm Less than 250 ns write pulse operation 
™@ Less than 50ns address holdtime 
@ Dualorsingle supply operation 
M fpsON < 175 Q maximum (25°C) 
@ 1nAanalog inputleakage current 
M@ Analog input equal to supply 
m@ TTL/CMOS compatible 
M@ Lowcurrentlogicinput 
—@ Pincompatible with AD7590 series 
tl 
oe 
© 
Truth Table (Switch State) TSC444 Truth Table (Switch State) 
— TSC445/446/447 
DISABLE A, WR TSC444 Shalit 3 
0 Xx Xx All switches open A, WR TSC445 TSC446 TSC447 
{ 0 0 S? to OUTI closed 0 0 Open Closed Swi, Sw4 open 
94 to OUT2 closed ete ewe Gosee 
{ { 0 S1 to OUT1 closed 1 0 Closed Open Swi, Sw4 closed 
$3 to OUT2 closed —— . Se oe net 
1 Xx { Maintain previous X 1 Maintain previous state 
state X = Don’t Care 


“OO TSC445 PY TSC446 “N 1TSC447 


“Internally Pulled High 


(All switches shown with An = 0) 
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TSC444 

TSC445 © 
TSC446 — 
TSCa47_ 


GENERAL DESCRIPTION | 

The TSC444, TSC445, TSC446 and TSC447 
are a family of CMOS analog switches that offer low on- 
resistance at low supply voltages. Each provides for 
either transparent (non-latched) or latched address, 
making them ideal for microprocessor interface appli- 
Cations. 

This switch family features single or dual sup- 
ply operation with analog input range equal to the sup- 
ply voltages. The CMOS design requires very low 
supply current. 


The TSC444 is configured as two single-pole, 


3-position switches. Either switch can be independ- 
ently selected (transparent or latched) for its own A or 
B position. (See TSC444 Switch Circuit) | 

Also, both switches are put in the C position 
(both open) by pulling the DISABLE input low. These 
various switch positions can be latched by using the 
WRITE (wR) input. This switch is especially useful in 
multi-path operations that require complete isolation. 

The TSC445 is configured as four indepen- 
dent normally open switches. The WRITE input (wr) 
can be used to latch the switches in any selected mode 
or it may be held low for transparent operation. 

The TSC446 has exactly the same features as 
the TSC445 except that the switches are normally 
closed. | | | 
| The TSC447 provides two normally open and 
two normally closed switches. The operation is the 
same as that for the TSC445 and TSC446. 


The TSC444 is pin compatible with the AD 7592. — 


The TSC445/446 is pin compatible with the AD 
7590/AD7591. 


TSC444 Switch Circuit 


| a Vis O y 


{ ; 
cbt Oi c \ 


A 
“B” ; \ 


Both switches may be latched in the off state by pulling 
WRITE (wr) high when DISABLE is low. 


NEW PRODUCT INFORMATION. 


ORDERING INFORMATION 


Part No. Package == Temp Range 
TSC444 | 
TSC444CPD  ~— 14--pin 0 to 70°C 
Plastic DIP 
TSC444COD 14-pin 0 to 70°C 
Plastic SO 
TSC4441JD 14-pin - 25 to 85°C 
CerDIP. 
TSC444MJD 14-pin - 55 to 125°C 
CerDIP 
TSC444Y Chip 25°C 
Part No. _ Package Temp Range 
TSC445/446/447 eS 
TSC44XCPE 16-pin 0 to 70°C 
_ Plastic DIP 
TSC44XCOE 16-pin 0 to 70°C 
Plastic SO | 
TSC44XIJE 16-pin -25 to 85°C 
CerDIP 
TSC44XMJE 16-pin -55 to 125°C 
_ CerDIP 
TSC44XY Chip 25°C 
X=5, 6, or 7 
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ANALOG SWITCHES TSC444 
TSC445 


TSC446 
TSC447 


Absolute Maximum Ratings 


Storage temperature............ - 65 to 150°C 
Operating temperature range 
VON otha oer te cateneeundies 18 V CerDIP package (M)......... - 55 to 125°C 
VelOQOUNGi Cs iene cope two alee So ei: 18 V CerDIP package (l)........... - 25 to 85°C 
VNIOOIGUNG s eratecttnw metas oe ies - 18V Plastic package (C).............. 0 to 70°C 
MOE V SIO We ik hak date ae Quetta #3 OV, - 18V Package power dissipation (T, = 25°C) 
ViSOr VIO Newiccectiaiton emia e amad « 0V,18V Plastic package (C)......... 375 MW (1 & 2) 
Mes ieee AO OVOUNG crt dork de de torsete ae bts Vex Ve CerDIP package (1 & M)..... 500 mW (1 & 3) 
Current’ . * Input voltages that exceed Vor V, will be clamped by internal 
POY DUN chon eared ae tee Baas B ae aod 20 mA diodes. Limit current to maximum current ratings. (1) All pins 
S or D, peak (1 ns, 10% duty cycle)... 70 mA soldered or welded to PC board. (2) Derate at 6.5 mW/°C. (3) Derate 


at 13 mW/°C above 75°C. 
Electrical Characteristics Vs = 5V, Vs = OV, GND = OV unless otherwise indicated. 


Symbol Parameter Test Conditions 25°C 0-70°C -25-85°C | -55- 125°C 
Min Typ Max} Min Max Min Max Min Max Unit 
Switches 


Vs, Vb Analog Input 


o>) 
on 
>) 
on 
co) 
n 
co) 
n 
< 


signal range 

'ps ON Drain source 105 195 240 240 260 Q 
ON switch on, 
resistance ls =1mA 

lIsOFF Source off Vs = 0.5 - 4.5V 0.01 1 100 100 120 nA 
leakage Vp = 4.5 - 0.5V 
current Switch off 

IDOFF Drain off Vs = 0.5 - 4.5V 0.01 1 100 100 120 nA 
leakage Vp = 4.5 -0.5V 
current Switch off 

IbON Drain ON Vo =Vs = 0.5 0.02 1 200 200 230 nA 
leakage to 4.5V 
current Switch off 


Electrical Characteristics V>=5V,V,=-5 V, GND =0 V unless otherwise indicated. 


Symbol Parameter  TestConditions 25°C 0-70°C | -25-85°c | -55-125°C 
Min Typ Max | Min Max Min Max Min Max Unit 


Switches 
V5, V, Analog input -5 5 -5 5 -5 5 V 
signal range 
(,, ON Drainsource V,=+43.5V, 95 175 230 230 Q 
ON switch on, 
resistance l= 1mA 
|, OFF Source off Vs +45 V, 0.01 1 | 100 100 120 nA 
leakage Vo = + 4.5V 
current Switch off 
|, OFF Drain off Vs + 4.5 V, 0.01 1 100 100 120 nA 
leakage Vo = + 4.5V 


current ‘Switch off 14-13 


TSC444_ 
TSC445 
TSC446 
TSC447 


Electrical Characteristics (continued) V2=5V, V;=-5 V, GND = 0 V unless otherwise indicated. — 


Symbol Parameter 


Switches (cont) 


|, ON Drain ON. 
leakage 
current 


Digital 


Vin Input 
3 voltage (1) 


Vv... Input 
voltage (0) 


| Input cur- — 
rent with 
input volt- 
age high 


Input cur- 
rent with 
input volt- 
age low 


lin 


DISABLE 
input 

(TSC444) 
V DISABLE 


input 
(TSC444) 


Dynamic 


lw Write pulse 
— width © 


oe Data set- 
up time 
Data hold 
time 


Turn-on 
time 


TestConditions 


V,=V,= +4.5V 


switch on 


DIGITAL 


V =5V - 


V =OV 


DIGITAL 


V =5V 


DIGITAL 


V =O0V 


DIGITAL 


(See timing 
diagram) — 


(See timing 
diagram) 


(See timing 
diagram) 


(See switch 
time test 
circuit) 


NEW PRODUCT INFORMATION 


25°C  0-70°C 
Min Typ Max} Min Max 


200 


—hk 
ol 
nh 
A 
N 
a 


— 
o1 io) a 


— 
co) 


— 
an 


—" 


325 


250 500 
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- 25- 85°C 
Min Max 


200 


Pp 
iN 


—_ 
© 


—_s 
oi 


— 
on 


4 ok : 
my oO : 


325 


325 


230 


Nh 
- 


_ 
NO 


—_ 
N 


4 
oO 


. ; =k 
. N i 


375 


375 


Lg 
Oo 


750 


Unit 


nA 


LA 


LA 


LA 


pA 


nS 


ns 


nS 


nS 


TSC444 
TSC445 
TSC446 
TSC447 


ANALOG SWITCHES 


Electrical Characteristics (continued) V;=5V, V;=-5 V, GND = 0 V unless otherwise indicated. 


Symbol Parameter TestConditions 25°C 0-70°C | -25- 85°C -55-125°C] Unit 
Min Typ Max{ Min Max Min Max Min Max 

Dynamic (cont) 

tos Turn-off (See switch 185 350 450 450 550} ns 
time time test circuit) 

Qing Charge Ci = 1 nF, 5 pC 
injection Voen = OV, 

Reen = 00 

C,OFF Source-off V,=V,=0V pF 
Capacitance Freq = 100 KHz 

C, OFF  Drain-off V,=V,=0V pF 
capacitance Freq = 100 KHz 

C,ON Channel-on V,=V,=0V 23 pF 
Capacitance Freq = 100 KHz 
(Except 
TSC444) 

C,ON Channel-on V,=V,=0V 30 pF 
Capacitance Freq = 100 KHz 
(TSC444 
only) 

DIRR Off isolation Freq = 100 KHz, 65 : | dB 

Ri = 1000 Q 

CCRR_ Cross-talk Freq = 100 KHz, 70 dB 
rejection Ri = 1000 Q 

Power Supply 

iM Positive Vorara = 5 V 275 500 700 700 750 | pA 
supply 
current 

ie Negative Viera, = 2 V 0.01 10 10 10 12 LA 
supply 
current 

Supply Operating Range 
Veto Ve 3 16 | 3 16 3 16 3 16 TV 
Vito ground 3 16 | 3 16 43 16 3. 16 | V 
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'7SC444 
‘TSC445 
TSC446 
TSC447 


Switching Time Test Circuit — 


ANALOG SWITCHES 


Charge Injection Test Circuit 


a 


1000pF 


Timing Diagram 


ANALYZER 
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CCRR Channel-to-Channel Crosstalk Test 
: +5V 


CCRR=20log Vsti 
: Voz 


SIGNAL 
GENERATOR 


ANALYZER 


ON RESISTANCE (9) 


TIME (nSec) 


ANALOG SWITCHES 


Typical Characteristics 


On Resistance vs. Temperature 


TEMPERATURE (°C) 


Turn On/Turn Off Time vs. Temperature 


TEMPERATURE (°C) 
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TSC444 
TSC445 
TSC446 
TSC447 


VsupeLty = +5 Volts 
Vos = 0 Volts 


Vsuppty = +5 Volts 
Vos = 0 Volts 


TSC444 
TSC446 
TSC447 


“ANALOG SWITCHES 


Crosstalk & Feedthrough vs Frequency (Ta = 25°C) , ee 
0 


Sh See 
-50 it 


0 
10KHz 100KHz MHz 10MHz 
FREQUENCY 


-80 


-60 


CROSSTALK’ FEEDTHROUGH (dB) 


On Resistance vs. Input Voltage (Ta = 25°C) | 


-ON RESISTANCE (Q) 


INPUT VOLTAGE (V) 
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4 TELEDYNE 
SEMICONDUCTOR TSC4201 


The Analog Signal Processing Company™ T SC4202 
TSC4203 


QUAD SINGLE POLE CMOS ANALOG SWITCHES 


FEATURES 

@ ros ON < 1759 Max. (25°C) 

@ 1A Analog Input Leakage Current 
M Analog Input Equal to Supply 

@ 300 uA Supply Current 

@ Low Current Logic Input 

@ Pin Compatible with DG201 (4201) 


Truth Table 


TSC4201 TSC4202 | TSC4203 
LOGIC Sw1-4 SW1-4 Swi SW2 SW3 SW4 


1 OPEN CLOSED CLOSED CLOSED OPEN OPEN 


Pin Configuration 


“© TSC4201 “#© TSC4202 “4% TSC4203 
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TSC4201 
TSC4202 
TSC4203 


General Seeainien 


The TSC 4201, TSC4202 and TSC4203 are a family 
of CMOS quad analog switches specifically designed for 
low supply voltage applications. Great care and attention 
was paid to reducing crosstalk and feedthrough while 
maintaining uniform “on” resistance at supply voltages 
as low as +1.5V. This also resulted in extremely low 
charge transfer during switching, typically 5pC as 
compared to the 30pC of other similar devices. 


Charge transfer is an extremely important con- 
sideration in the design of sample & hold circuits, low. 
level analog signal switching and when interfacing to 
high input impedances such as nvpee presented by A/D: 
converters. 


This switch family, offering four independent single- 
pole, single-throw (SPST) circuits, features single or dual 
supply operation with analog input voltage range equal 
to the supply voltage. The CMOS design requires very 
low supply current. 


TSC4201: The TSC4201 consists of four normally 
closed (Form B) contacts. 


TSC4202: The TSC4202 consists of four normally 
open (Form A) contacts. 


TSC4203: The TSC4203 combines two Form A 
contacts with two Form B contacts. This combination 
may be configured as two Form C (SPDT) circuits. 


= SV, Vs = 


Symbol Parameter Test Conditions 25°C 
Min Typ Max 


on fo: 


Electrical Characteristics vi 


Vs, Vp Analog Input 


signal range | 


Drain source 
ON switch on, 
resistance Ils = 1mMA 


Source off Vs = 0.5 - 4.5V 
leakage Vo = 4.5 - 0.5V 
current Switch off 


Drain off Vs = 0.5 - 4.5V 
leakage Vp = 4.5 -0.5V 


fps ON 
lsOFF 


lbOFF 


current 


Switch off 


QUAD SINGLE POLE CMOS. 
ANALOG SWITCHES 


Ordering Information (x = 1, 2 or 3) 


Part No. 


Package 


- TSC420x CPE . 


TSC420 x COE 


_Temp. Range 


16 Pin | 


| 0 to 70°C 
Plastic DIP : 


16 Pin 
Plastic SO 


0 to 70°C 


TSC420 x WE 


16 Pin -25 to 85°C 


| Ceramic DIP 


TSC420 x MJE 


~ Ceramic DIP 


16 Pin -55 to 125°C 


TSC420 x Y 


Chip 


0-70°C 
Min Max 


-25 - 85°C 
Min Max 


25°C. 


OV, GND = OV unless Omen wise indicated. 


nA 


nA 


_ i al 


Vp = Vs = 0.5 230 nA 
to 4.5V 


Switch off 


IbON Drain ON 
leakage 


current 


200 
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NEW PRODUCT INFORMATION 


TSC4201 
TSC4202 
TSC4203 


Absolute Maximum Ratings 


VION G elo hte nie ss a baie eo ees 18V 
Vs toGround ........ cc cece eee cece eee 18V 
Ve1OGIOUNG: “S2t esti oc baie ahaa coe ees -18V 
VsOr Vp lO Vs. 4-4ok Se ieee soe tere x OV to 18V 
VS OPVEIO VS . Sirois da etodoud wus OV to -18V 
Voierrat to Ground .......... cece eee Vs, Vs 
Current* 

Avi Pili: a eaeacn cee Siete ated Goninon 20mA 


S or D, Peak (1 mSec, 10% duty cycle) .... 70mA 


Storage Temperature ............-. -65 to 150°C 
Operating Temperature 
CerDIP Package (M) ..........+. -55 to 125°C 
CerDIP Package (I) .............4- -25 to 85°C 
Plastic Package (C) ............00. 0 to 70°C 
Power Dissipation (Package) 
16 Pin Plastic DIP: 24... 06. es04% 375 mW (1 & 2) 
16 Pin Ceramic CerDIP ........ 500 mW (1 & 3) 


*Input voltages which exceed V¢§ or Vs will be clamped by internal 
diodes. Limit current to maximum current ratings. 

1) All pins soldered or welded to PC board. 

2) Derate @ 6.5mW/°C above 75°C. 

3) Derate @ 18mW/°C above 75°C. 


Electrical Characteristics (unless otherwise specified, Vs = 5V, Vs = -5V, GND = OV) 


Symbol Parameter Test Conditions 25°C 0-70°C -25-85°C [| -55-125°C 
Min Typ Max] Min Max Min Max Min Max Unit 


Switches 

Vs, Vb Analog Input 
Signal Range 

fps ON Drain-Source Vp = +3.5V, 
ON Switch ON 
Resistance Ils =1mA 

Is OFF $SourceOFF Vs=+4.5, Vo= 


Leakage -/+4.5, Switch OFF 
Current 

IpDOFF Drain OFF Vs = +4.5,Vp = 
Leakage -/+4.5, Switch OFF 
Current 

Ibn ON — Drain ON Vo = Vs = £4.5V, 
Leakage Switch ON 
Current 

Digital 


Vin HIGH Input Voltage (1) 
Vin LOW Input Voltage (0) 
Input Current 


lin HIGH — w/Input Vin = 5V 
Voltage High 
linLOW w/Input Vin = OV 
Voltage Low 
Dynamic 
ton Turn-On Time (See Switch Time 
test circuit) 
torr Turn-Off Time (See Switch Time 
test circuit) 
Qins Charge Ci =1 nF, 
Injection Voeen = OV 
Rsen =0Q 


nA 


nA 


Volts 
Volts 


LA 


HA 


ns 
ns 


pC 
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TSC4201 
TSC4202 
TSC4203 


Symbol Parameter Test Condi 


Vg to Ground 


Dynamic 7 
Cs OFF Source-Off Vp=Vs= OV, 
' Capacitance Freq = 100 KHz 
Cp OFF _ Drain-Off Vp = Vs = OV, 
Capacitance Freq = 100 KHz 
CcON Channel-On Vp=Vs = OV, 
Capacitance Freq = 100.KHz 
OIRR Off Isolation Freq = 100 KHz, 
Ri = 1000Q 
CCRR- Cross-Talk Freq = 100 KHz, 
Rejection Ri = 1000Q 
Power Supply 
Ig Positive Supply Vin = 5V 
Current 
Ag ~ Negative Supply Vin = 5V 
Supply | 
Operating 
Range 
Vs toVs — 


Switching Time Test Circuit 


LOGIC INPUT 
tt < 20ns 
tr<20ns 


IN LOGIC “O” SW ON 


SWITCH y, 
INPUT 


SWITCH vy, 
OUTPUT 


QUAD SINGLE POLE CMOS | 
ANALOG SWITCHES 


tions 25°C 0-70°C ~25 - 85°C | ich. So 
Min Typ Max | Min Max Min Max Unit | 


Ren o> ae 


pF 
8 pF 
23 pF 
65 dB 
85 dB 
275 500 pA 
o1 10) 10 | 12 7 pA 
Volts 
~ Volts 
Sr 

LOGIC 

INPUT 

SWITCH 

INPUT 

SWITCH 


OUTPUT 


0.9 Vo LOGIC 


OVo 


Ci = 1000pF | 
‘i INx 
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NEW PRODUCT INFORMATION TSC4201 
TSC4202 
TSC4203 


Typical Characteristics 


Crosstalk & Feedthrough vs Frequency (Ta = 25°C) 


i fm, CROSSTALK 
= 


Gai 
nie 
1 = 


10KHz 100KHz 


CROSSTALK FEEDTHROUGH {dB} 


FREQUENCY 


On Resistance vs. Input Voltage (Ta = 25°C) 


ON RESISTANCE (Q} 


INPUT VOLTAGE (V) 
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TSC4201 | epiindieimibadee eine 
TSC4202 7 rr ccoraiyben _— 
TSC4203 


Typical Characteristics 
On Resistance vs. Temperature 


Vsuppty = +5 Volts 
Vos = 0 Volts 


ON RESISTANCE (Q) 


TEMPERATURE (°C} 


Turn On/Turn Off Time vs. Temperature 


Weubery = +5 Volts 
Vos = Q Volts 


TIME (nSec) 


TEMPERATURE (°C) 
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NEW PRODUCT INFORMATION TSC4201 
TSC4202 
TSC4203 


Off Isolation Test Circuit Channel to Channel Cross Talk Circuit 


SIGNAL 
GENERATOR 


GENERATOR 


ANALYZER 


CCAR=20L0G — 


Bonding Diagram 


Ds Ss; NC Vs Sa 
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Notes 


ENGINEER: ___ 7 
PROJECT: i 
DESCRIPTION 
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Section 15 


Data Communications and 
Interface 


“~~ TELEDYNE 
SEMICONDUCTOR 
The Analog Signal Processing Company™ 


TSC232* 


DUAL RS-232 TRANSMITTER/RECEIVER & POWER SUPPLY 


ye” 


FEATURES 


@ Meets all RS-232C Specifications 

@ Operates from Single 5V Power Supply | 
M@ 2 Drivers and 2 Receivers 

@ Onboard Voltage Quadrupler 

@ +30V Input Levels 

@ +9V Output Swing with +5V Supply 

@ Low Power CMOS: 5mA 


ee 


+5V INPUT 


16 
1 


+5V TO +10V 2 +10V 
3 VOLTAGE DOUBLER 


4 
+10V TO -10V 6 -10V 
5 VOLTAGE INVERTER 


_ TD 
RS-232 OUTPUT 
TTL/CMOS 
INPUTS 


RS-232 OUTPUT 


RD 
RS-232 INPUT 


TTL/CMOS 
OUTPUTS 


CTS 
RS-232 INPUT 


*Patent Pending 1988 
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DUAL RS-232 TRANSMITTER/RECEIVER & POWER SUPPLY 


TSC232 


GENERAL DESCRIPTION 


The TSC232 from Teledyne Semiconductor is a 
dual RS-232 transmitter/receiver that complies with ElA 
RS-232C guidelines and is ideal for all RS-232C 
communication links. This device has a 5V power supply 
and two charge pump voltage converters that produce 
+10V/-10V power supplies. 

The TSC232 has four level translators. ‘Two are 
RS-232 transmitters that convert TTL/CMOS input levels 
to 9V RS-232 outputs. The other two translators are 
RS-232 receivers that convert RS-232 inputs to 5V 
TTL/CMOS output levels. The receivers have anominal 
threshold of 1.3V, a typical hysteresis of 0.5V, and can 
operate with up to +30V inputs. 


Applications 


The TSC232 is ideal for all RS-232C communication 
links: Battery-Powered Systems, Computers, Instru- 
ments, Modems, and Peripherals. It can run without the 
12V power supplies other RS-232 devices require. The 
TSC232 power supply can serve as a quadrupler for 
input voltage up to 5.5V. 


Pin Configurations | 


we 
TSC232 
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Ordering Information — 


Part No. 


TSC232 CPE 


TSC232 CJE 
TSC232 IJE 
TSC232 EPE 
TSC232 IPE 
TSC232 EJE 
TSC232 COE 
TSC232 EOE 
TSC232 MJE 
TSC232 CY 


Package 


16 Pin Plastic 
16 Pin CERDIP 
16 Pin CERDIP 
16 Pin Plastic 
16 Pin Plastic 


16 Pin CERDIP 


16 Pin “SO” 
16 Pin “SO”. 


16 Pin CERDIP » 


DIE 


wr 
TSC232 


Temperature | 
__ Range 


0°C to 70°C 


0°C to 70°C 
-25°C to 85°C 
-40°C to 85°C 
-25°C to.85°C 
-40°C to 85°C 


- O°C to 70°C 


-40°C to 85°C 
-55°C to 125°C 
25°C 


PRODUCT INFORMATION 


Absolute Maximum Ratings 


VGC oak Godatecioaiie «es ewe ert ie aoe ave ete 6V Short Circuit Duration 
MW od Grates Gls he eas tad Bg aseran ter ete ce ee 6 12V NY Ne tate oe Gig a eels toe pene Sate ah anels 
ere ee eee ee eee ee eee ee ee 12V VW seoch bg ae eaeins ee wie head Siaen 
Input Voltages T160n L26ur este d-csnse cinerea 
TTiNg COU aa 2d Se eeere ee eta -0.3 to (Vcc + 0.3V) Power Dissipation 
PAVING PRIN: Ste ere aise itsitee eeece- melee sede ew +30V CEADIP® | ssa avawe Src. wae are 
Output Voltages derate 9.5mW/°C above 70°C 


Tlout, T2our 


sae awa -_(V* + 0.3V) to (V7-0.3V) 
R1 OUT; R2out «2. ccceccee -0.3V to (Vcc + 0.3V) 


TSC232 


derate 7mW/°C above 70°C 


derate 7mW/°C above 70°C 


Plastic: DIP 6 ssw Sade eee d 


eoeeeee 


Small Outline (SO) ........... 


... 30 seconds 
... 30 seconds 
....- continuous 


Electrical Characteristics: (Vcc = 5V+10%, Ta = operating temperature range, test circuit unless otherwise 


noted). 

PARAMETER CONDITIONS MIN | TYP | MAX | UNIT 

Output Voltage Swing T1out, T2our loaded with V 
3kQ to ground. 

Power Supply Current mA 

Input Logic Threshold Low Tin, T2in 

Input Logic Threshold High T1in, T2in 

Logic Pullup Current T1in, T2in = OV 

RS-232 Input Voltage 

Operating Range 

RS-232 Input Threshold Low Voc = 5V 

RS-232 Input Threshold High Vec = 5V 

RS-232 Input Hysteresis 

TTL/CMOS Output Voltage Low lout = 3.2mMA 

TTL/CMOS Output Voltage High lour = -1.0mMA 

Propagation Delay RS-232 to TTL or Us 
TTL to RS-232 


instantaneous Slew Rate 


Transition Region Slew Rate 


Output Resistance 


RS-232 Output 
Short Circuit Current 


Note 1: Sample Tested. 


C.L=10pF, Ri=3-7kQ, 30 V/us 

Ta=25°C (Note 1) 

Ri=3kQ, C.=2500pF 

Measured from 3V to -3V 3 V/s 

or -3V to +3V 

V*=V"=0V, Vout =2V 300 | () 
+10 mA 
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DUAL RS-232 TRANSMITTER/RECEIVER & POWER SUPPLY 


TSC232 


Detailed Description 


- The TSC232 contains a +5V to +10V dual charge 
pump voltage converter, a dual transmitter, and a dual 
receiver. 


+5V to +10V Dual Charge Pump 
Voltage Converter | 


The TSC232 power supply consists of two charge 
pumps. One uses external capacitor C1 to double the 
+5V input to +10V, with output impedance of about 200 


-v‘, ‘Output Voltages vs Load Current - 


ohms. The other uses C2 to invert +10V to -10V, with . 
overall output impedance of 4500 (including effects of 


+5 to +10 voltage doubler impedance). 


_- The clock in the doubler circuit will start at ~ 4.2 
volts in the typical part, but external loads may make this 


point rise to as high as 4.5 volts with 2KQ ofloadoneach _— 


_ of the two output supplies. 


Because of this, use of the doubler and inverter to 
run external circuits should be limited. The maximum 
current should be no more than 2.5mA from the +10V 
and -10V in order to guarantee coal of the doubler 
clock. — 


The test circuit émploy 22uF capacitors for C1 to 
C4, but the value is not critical. These capacitors usually 
are low-cost aluminum electrolytic capacitors, or poly- 
ester if size is critical. 

Increasing C1 and C2 to 47yF lowers the output 
impedance of +5V to +10V doubler and +10V to -10V 
inverter by the change in the ESR of the capacitors. 
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Increasing C3 and C4 lowers ripple on the +10V 
power supplies and lowers 16kHz ripple on the RS-232 
outputs. Where size is critical, value of C1 to C4 can be 
lowered to 1yuF. 


The use of a low ESR value capacitor such as a 
Wima MKS-2 polyester film will help. lower the output 
ripple and keep the output impedance of ule +10V and 
-10V low. 


PRODUCT INFORMATION 


Dual Transmitter 


TSC232 transmitters are CMOS inverters driven by 
+10V internally generated supplies. The input is 
TTL/CMOS compatible, with a logic threshold of about 
26% Of Vcc (1.3V for 5V Vcc). The input of an unused 
transmitter can be left unconnected. An internal 400 KQ 
pullup resistor connected between the transmitter 
input and Vcc pulls the input high and forces the unused 
transmitter output low. 


Open circuit output voltage swing is from (V+ -0.6V) 
to V-. This conforms to RS-232 specs of 5V minimum 
output swing under the worst conditions when both 
transmitters drive the 3KQ minimum load impedance, 
Vcc input at 4.5V, and maximum ambient temperature. 
Typical voltage swing with 5KQ loads and Vcc of 5V is 
+9V. 


EIA RS-232C specs limit the slew rate at output to 
less than 30V/us. The powered-down output impedance 
is a minimum of 300 ohms with +2V applied to outputs 
with Voc = OV. 


The outputs are short circuit protected and can be 
short circuited to ground indefinitely. 


Slew Rate Definition 


90% 90% 
10% 10% 
Te 7 E Tr = a . 


Tlout, T2our Vou 


Vo 


INSTANTANEOUS SLEW RATE (SR) = 
(0.8) (Von -Vor) 6 (0.8) (Vo. - Von) 
Tr Tr 
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TSC232 


Dual Receiver 


TSC232 receivers meet RS-232C input specs. 
Input impedance is between 3 and 7KQ. Switching 
thresholds are within the +8V limits, and the receivers 
withstand up to +30V inputs. RS-232 and TTL/CMOS 
input compatible, the receivers have 0.8V Vi. and 2.4V 
Vin with 0.5V hysteresis to reject noise. 


The TTL/CMOS compatible receiver output is low 
when RS-232 input is greater than 2.4V. It is high when 
input is floating or between +0.8V and -30V. 


Propagation Delay Definition 


T1 IN; T2in 
or 
R1 IN, R2in 


50% 50% 


T1 Sti T2out 
; or 
Rt out, R2out 


AVERAGE PROPAGATION DELAY = — 
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DUAL RS-232 TRANSMITTER/RECEIVER & POWER SUPPLY 


TSC232 


Test Circuit | | | — Typical Application 


+4.5 TO +5.5V 


DTR (20) DATA - 
TERMINAL READY » 
DSRS (24) DATA - 
SIGNALING RATE 
SELECT 


RS-232 | 
INPUTS & OUTPUTS 


TD (2) TRANSMIT DATA 
RTS (4) REQUEST TO SEND 
RD (3) RECEIVE DATA 


TTL/CMOS OUTPUT 
TTL/CMOS INPUT 
TTL/CMOS 
INPUT 


TTL/CMOS 


CTS (5) CLEAR TO SEND 
OUTPUT 


nOoOfzQO~raA4 


SIGNAL GROUND (7) 


| 
N 
P 
U 
T 
S 
O 
U 
T 
p 
U 
T 
s 


Bonding Diagram 


Vec GND T1our Riiw 


R1 our 
Tiin 
95 mils 
Ci+ ‘ 
V+ 

T2in 
C1- 

R2our 


C2+ C2- V-  T2o0ur R2in 


116 mils >| 
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Section 16 
Digital Logic 


EEE Bipolar Interface Logic iii 


Purpose of Bipolar Interface Logic 


PROTECTING CMOS AND pP SYSTEMS 
Bipolar Interface Logic - the 300 Series - is a remarkably simple solution to interfacing 


your CMOS and up systems (which operate on 12 or 15V power supplies) with the outside 
world. | 


OPERATION ON 11V TO 16V 

These bipolar circuits have the unique ability to operate on 11V to 16V power supplies 
with an input threshold of 6V, which allows noise margins from 3.5V up to 6.5V. This 
eliminates worry about the high-voltage spikes or noise generated by bouncing switches, 
SCR’s, relays, solenoids or large motors. Also, the rugged bipolar construction of the 300 
series minimizes catastrophic failures often caused by high voltage spikes or improper 
maintenance. 


LOW OUTPUT IMPEDANCE 


With low output impedances, the 300 series can handle high drive currents of up to 
250mA, which makes them ideal for driving relays, solenoids, SCR’s, displays or long 
lines. 


MANY SOLUTIONS OFFERED BY THE 300 SERIES 


Teledyne Semiconductor's Bipolar Interface Logic line includes buffer gates, power 
drivers, timing elements and much more. 


Seven Segment | 


fed 5) Ee Bl 


5V Logic Signals BV to15V Display Driver 
Relay 


Relay é 
Drivers 


amis ® 
, 12V to 15 Volt Lamp 
p |, sea CMOS and D: Drivers © 
Microprocessor 
Differential Line Receiver Systems 
: BESS @ © Gm p> : SS stale iis Driver 
Signals. 


EXT 


Schmitt Trigger 


A detailed explanation of High Noise Immunity Bipolar Interface Logic and its uses 
can be found in Application Note 1. 
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EES Bipolar Interface Logic 
Most Popular 300 Series Devices __ 


POWER GATES : BUFFER GATES 
250mA SINK CURRENT : 42mA SINK CURRENT 


301 


303 

2 

1 
s[ 
6 

4 
7 
10 
2D; 
11 
14 
a 12 
15 
13. —=C« 


GATES HEX BUFFERS VOLTAGE LEVEL 
10mA SINK CURRENT 10mA SINK CURRENT TRANSLATORS 


333 HEX 334STROBED 


361 
12 sf 5 
12 
13 
nf O° 


N —_ 
/ 


—_— F ot 
eS 

— 

w 


fee 


(15V TO 5vV) 


363 
2 ; 
=[ > 
3 
6 
7 
~5 
10 
vf 
11 
14 
15 
ion 


(5V TO 15V) 
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EE Bipolar interface Logic iil 


Most Popular 300 Series Devices 


QUAD DIFFERENTIAL DECODERS/DRIVERS 
SCHMITT TRIGGER LINE DRIVER/ 
RECEIVER 


367/368 


Vcc= 16 D = DELAY 
GND = 8 PIN 


DUAL RETRIGGERABLE TIMER 
ONE SHOT FROM MICROSECONDS 
TO HOURS 


Additional Products: 
THRESHOLD © Digital Multiplexers 
CONTROL é e Four Bit Comparators 
DISCHARGE OUTPUT ¢ ecnda Eoiniors 
TRIGGER 
@ Up/Down Counters | 
RESET Oo“ © Quad D Flip Flops 
PIN COMPATIBLE TO 555 
FOR Voc = 10.5 - 16V e AND-OR-Invert Gates 
® Dual, Triple and Quad Gates 


Vec =8 
GND = 1 
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Parameter 


TNL 
NH 


IMAx 382 


302,323 
332,334 
380 
381 
390-395 


Bipolar Interface Logic 
Electrical Summary Data 


Definition 


Supply Voltage 


Input Threshold Voltage, Low 


input Threshold Voltage, High 


Input Leakage Current; 1 Unit 
Load (UL) 


Output High Breakdown Current 
(Open Collector Devices) 


Output Low Voltage (see Loading 
Table on Data Sheet) 


Output Low Voltage 
(Open Collector Devices) 


Output High Voltage of all Devices 
Without Open Collector Except 
362 and 396 


Output High Breakdown Voltage 
(Open Collector Devices) 


Output High Voltage, Loaded, of 
Active Pullup Devices Except 
362 and 306 


302,323,307 Output High Leakage Current 


332,334 
380,381 
382 
383 
390-395 


“O”" N.I. 


“PONG. 


(Open Collector Devices) 


Zero State Noise Immunity 


One State Noise Immunity 


Type C* 


(Veo = +12V +1V) 
-30° C < T, < +85°C 


13V max 


12V nominal 


11V min 


6.5V max 


Input Current, Low; 1 Unit Load (UL) 2.1 mA max 


10 nA max 


2 mA max 


1.5V max 


.4V max 
.4V max 
.4V max 
.4V max 
1.2V max 
2.5V max 
.7V max 
1.2V max 


10.0V min 


13.0V min 
20.0V min 
24.0V min 
15.0V min 
30.0V min 


25 pA max 
25uA max 
25 nA max 
50 pA max 
25 pA max 


100 nA max 


3.5V min 


3.5V min 


Test Conditions 


(Voltage for other tests — see below) 


Guaranteed input low threshold for 
all inputs except 311 T2 = 
4.8V min @ 15V 


Guaranteed input high threshold for 
all inputs except 311 S&R inputs = 
7.0V max 


At Vcc max with Vin = VoL. 
At Vcc = max with VIN = Voc max 


Vcex = +65V 


jot = F.O. x UL at Vcc min with 
Vint = 5.0V and ViINH = 6.5V 


lot = 16 mA (10 TTL UL) | 

loc = 6.4 mA (4 TTL UL) 

lo. = 6.4 mA (4 TTL UL) 

loc = 6.4 mA (4 TTL UL) 

lo. = 30 mA 

lol. =7mMA 

lo. = 20 mA (100% Duty Cycle) 
lo. = 40 mA (50% Duty Cycle) 


At Vcc min, Vint = 5.0V, Vink = 6.5V; 
lon = F.O. x UL 


IMaAxX =4 MA 
IMAX = 4 MA 
Imax = 0.5 mA 
IMAX = 0.5 mA 


At Vcc nominal, Vint = 5.0V, 
VINH = 6.5V; lon = -5 MA (except 
-15 mA for 301 and -12 mA for 350,351 


Vcex = Vcc max 
Vcex = Voc max 
Vcex = Vcc max 
Vcex = +55V 
Vcex = Voc max 
Vcex = 30V 


Guaranteed zero state noise 
immunity across temp range and 
Vcc + 1V. Vint — Vor 


Guaranteed one state noise immunity 
across temp range and Vcc + 1V. 
VOH — VINH 


Notes: F.O. is fanout in unit loads (UL). Unit loadings are given in the pin tables on the individual data sheets. A unit load for High Noise Immunity 
Logic is defined by the above input specifications. 


See individual data sheets for additional specifications. 


“Military spec Type B (Vcc = 12V) and Type M (Vcc = 15V) are available to meet -55°C to +125°C temperature requirements. Available in 
ceramic package only. See ordering data. 
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Electrical Summary Data (Continued) 


Absolute Maximum Ratings 


L Package, Ceramic J Package, Plastic 


Storage Temperature -65°C to +150°C -55°C to +100°C 


Lead Temperature (1/16 inch from case, 10 sec max) 300°C 300°C 


Continuous Supply Voltage 
Type C’*, B* 
Type A*, M* 


Pulsed Supply Voltage (less than 100 msec) +18.0V +18.0V 


Input Voltage (any input) 
Type C’, B* -0.5 to +15V -0.5 to +15V 
Type A*, M* -0.5 to +18V -0.5 to +18V 


Surge Sink Current (less than 100 msec at 25°C Ta) 
Standard Outputs 
301, 302 and 303 
306, 307, 332 through 335, 350, 351, 380, 381, 383 
390-395 
355 


Expander Input Currents -0.5 to +0.5mA -0.5 to +0.5mA 


Note: Exceeding the absolute maximum ratings may cause permanent damage. Function of HiNIL devices at the absolute maximum ratings or beyond 
the conditions guaranteed is not implied. 


Digital Logic — 300 Series Ordering Information 
PACKAGED DEVICES TSC XXX X X 


1. TELEDYNE SEMICONDUCTOR DEVICE CSS 


2. DEVICE NUMBER 


3. ELECTRICAL GRADE AND TEMPERATURE RANGE 
A — Industrial Temperature Range, 15 V, (30 to +70°C) 
C — Industrial Temperature Range, 12 V, (—30 to +85°C) 


4. PACKAGE TYPE 
L_ — Ceramic Package (CerDIP) 


EXAMPLE: 303AL Operates Over an Industrial Temperature Range at 15 V and is a CerDIP Package 


Product List — Digital Logic 
301 Power NAND Gates Dual 5-Input 


302 Power NAND Gates Quad 2-Input 350 Multiplexers 8-Bit 
303 Power NAND Gates Quad 2-Input 351 Multiplexers Dual 4-Bit 
304 Power NAND Gates Triple 4, 3, 4-Input 355 Timer 
306 NOR Gate Quad 2, 2, 3, 3-Input 361 Dual 11-16V to 5V Interface Voltage Translator 
307 NORGate Quad 2, 2, 3, 3-input 362 5V to 11-16V Interface Dual Translator 
311 Flip Flops Master/Slave RST 363 5V to 11-16V Interface Quad 2-Input NAND 
312 Flip Flops Dual J-K Edge Triggered 367 Schmitt Trigger Quad(Active Pullup) 
313 Flip Flops Dual J-K Master/Slave 368 Schmitt Trigger Quad(Open Collector) 
321 NAND Gates Quad 2-Input 370 Flip Fiop Quad D 
322 NAND Gates Dual 5-Input 371 Counters Decade 
323 NAND Gates Quad 2-Input 372 Counters Hexadecimal 
324 NAND Gates Quad 2-Input 373 Up-Down Counters Decade 
325 NAND Gates 2, 2, 3, 3-Input 374 Up-Down Counters Hexadecimal 
326 NAND Gates 2, 2, 3, 3-Input 375 Shift Register 4-Bit 
331 .Gate Expander Dual 5-Input 380 BCD-to-Decade Decoder/Drivers Lamp Driver 
332 Hex Inverter Gates 4-Inverter, 2-NAND 381 BCD-to-Decade Decoder/Drivers Logic Driver 
333 Hex Inverter Gates 4-Inverter, 2-NAND 382 BCD-to-Decade Decoder/Drivers Gas Tube Driver 
334 Hex Inverter Gates Strobed Hex NAND 383 Decoder/Driver BCD-to-7 Segment 
335 Hex Inverter Gates Strobed Hex NAND 390 Dual Interface Buffers 4-Input Expandable AND 
341 Multifunction Gates Dual 2-Wide, 2-Input 391 Dual interface Buffers 2-Input AND 
and/or Invert 392 Dual Interface Buffers 2-Input NAND 
342 Dual Monostable Multivitrator 393 Dual Interface Buffers 2-Input OR 
343 Digital Comparator 4-Bit 394 Dual Interface Buffers 2-Input NOR 
344 Multifunction Gates Dual Expandable AND-NOR 395 . Dual Interface Buffers 4-input Expandable NAND 
347 Dual Retriggerable Monostable Multivibrator 396 Line Driver/Receiver Oual Differential 
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Bipolar Interface Logic : 


Input Current Requirements 


— tint @ Vee = 12V lint @ Vee = 15V ) ro _ 

Device . and | and - lynne @ Vee = 12 or 15V,. 

Number Vit = 1.5V (mA) Vit = 1.5V (mA) Vinh =Vec (MA) 
301 2.1 7 2.6 10 
302 2.1 2.6 - 10 
303 | 2.1 — 2.6 | 10 
304 2.1 2.6 10 
306 1.3 1.6 | | 10 
307 1.3 - : 1.6 | 10 
311 ~ 2.1-4.2 2.6-5.2 10-20 
312 2.1-4.2 2.6-5.2 10-20 
313 2.1-4.2 2.6-5.2 10-20 
321 2.4 | 2.6 7 10 
322 2.1 2.6 : | 10 
323 2.1 2.6 | 10 
324 2.1 . 2.6 10 
325 2.1 2.6 10 
326 2.1 | 2.6 10 
332 | 2.1 2.6 7 10 
333 2.1 2.6 : 10 
334 a 2.6 10 
335 2.1 - 2.6 | 10 
341 21 2.6 | 10 
342 2.1 — | 2.6 | | 10 
343 2.1-4.2 2.6-5.2 10-20 
347 2.1-4.2 2.6-5.2 10-20 
349 21 | | 2.6 — 10 
350 2.1 | 2.6 10 
351 2.1 | | 2.6 | 10 
355 0.01 | 0.01 10 
361 2.1 2.6 10 
362 0.47 - 0.47 ~ 10 
363 1.6 1.6 go - 10 
367 2.1 | . 2.6 | 40 
368 2.1 . 2.6 | ~ 40 
370 2.1-4.2 | 2.6-5.2 10-20 
371 2.1-4.2 2.6-5.2 | : 10-20 
372 2.1-4.2 2.6-5.2 | | 10-20 
373 2.1 = | 2.6 | 10 
374 2.1 2.6 | 10 
375 2.1 2.6 10 
380 2.1 26 10 
381 2.1 2.6 | 10 — 
382 2.1 2.6 10 
383 2.1-6.3 . 2.6-7.8 10-30 
390 0.7 1.0 | 10 
391 0.7. |. 1.0 | | | 10, 
392 0.7 1.0 | 10 
393 0.7 | 1.0 | : 10 
394 0.7 1.0 10 
395 0.7 ; 100 «4 10 


396 0.4 | 1.0 : 10 


Notes: . 

1. If there are several types of inputs on a device, then the currents listed above are the range of values for the various inputs. 
Check the individual data sheets to determine what the input current requirements are for each input. 

2. A unit load is defined as lin. @ 12V = 2.1MA max, lin. @ 15V = 2.6mA max and IiNH = 10uA max at 12 or 15V. 

3. CMOS operated at 12 or 15V can be used to drive these devices even if the VoL rating of the CMOS device does not appear to 
give enough sink current. This is possible since the 300 series of devices has input low rated at <5V instead of 0.8V as is 
common with TTL parts. The result is the CMOS output will be operated at a Vox !arger than is typical for CMOS or TTL 
systems. 
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Bipolar Interface Logic 


Output Sink Current vs. Output Voltage 


Device Device 
Number Vor (VY) = lon (mA) Number Vor (V) low (mA) 


301 1.5 350 1.5 16 
302 4 351 1.5 16 
303 355 ; 75 
304 361 , 10 
306 362 10 
307 363 ; 30 
311 367 10 
312 368 10 
313 ; 370 10 
321 371 
322 372 
323 ; 373 
324 374 
325 ; 375 
326 : 380 
332 381 
333 382 
334 , 383 
335 390 
341 

342 

343 


347 
349 


ONNNNN NN OG: 


aah, 
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Bipolar Interface Logic 


Power Supply Current and Delay Times 


Delay Time 50% to 50% Points 
| | (Worst Case) 


Device : Low to High to | 
Number | High (ns) Low (ns) 


400 
240 | 
240 
240 
100 
100 
610 
230 
230 
200 
190 
160 
200 
200 
200 
140 
140 
140 
140 
150 
160. 
1000 
200 
750 
250 
250 
230 
160 
240 
300 
340 
750 
300 | 
300 
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Bipolar Interface Logic 


301 DUAL FIVE INPUT POWER NAND GATE 
(ACTIVE PULL-UP) 
icc = 48 mA (301C), 68 mA (301A) 


302 quan TWO INPUT POWER GATE 
(OPEN COLLECTOR) 
!cc = 40 mA (302C), 60 mA (302A) 


28 UL (C) 
Tul TUL TUL 33 grea, PUL TUL 
Veo By Ay MX, 0, 83 Ag = Q3 


x 


20UL TUL 1UL TUL TUL TUL 2 Ue 1 Ul yuL 1UL tUL 2ZBUL(C) yUL 1UL 
23 UL (A) 

304 TRIPLE 4,3, 4 INPUT NAND 306 2, 2,3,3 INPUT NOR GATE 

(PASSIVE PULL-UP) (ACTIVE PULL-UP) 


lec = 40 mA (304C), 60 mA (304A) loc = 34 mA (306C), 40 mA (306A) 
YUL 20UL 17UL TUL TUL TUL 20UL 1UL  14UL 1UL 5UL 1UL tUL SUL 
Vcc C2 O2 Ay B, Cy D, 01 Vcc C4 Ba Ag Og B3 A3 03 


Pin-Out Guide 


303 quad Two INPUT POWER GATE 
(PASSIVE PULL-UP) 
icc = 49 mA (303C), 70 mA (303A) 


1UL TUL 


Yoo 8 Ay X, 0, B83 Ag 93 


307 2, 2,3,3 INPUT NOR GATE 
(OPEN COLLECTOR) 
Ice = 23 mA (307C), 28 mA (307A) 


TUL TUL TUL SUL TUL TUL SUL 
Veco Ca Ba Aa O« B3 A3 03 


A2 B2 A3 B3 C3 D3 Q3 GND O; By Ay O02 A2 Bz C2 GND 
TUL TUL TUL TUL TUL PUL 20UL SUL TUL TUL SUL 1UL 1UL 1UL 


311 MASTER/SLAVE FLIP-FLOP 
(ACTIVE PULL-UP) 
loc = 18 mA (311C) 25 mA (311A) 
TUL SUL 1UL 1UL SUL 


312 DUAL sk FLIP-FLOP 
(ACTIVE PULL-UP) 
Icc * 30 MA (312C) 40 mA (312A) 
2UL SUL 1UL TUL TUL SUL 2UL 


Ro 92 Kp TQ dg $2 


A, Ag Ag 7T, By, By 83 GND R, GO, Ky Ty 4, GQ, §, GNO 


PUL TUL TUL 2UL TUL TUL TUL 2UL SUL TUL 1UL TUL SUL 2UL 


322 DUAL FIVE INPUT NAND GATE 
(ACTIVE PULL-UP) 
loc = 8 MA (322C), 11 mA (322A) 
1UL TUL UL TUL PUL 
INPUTS 


321 QUAD TWO INPUT NANO GATE 
(ACTIVE PULL-UP) 
loc = 15 mA (321C), 20 mA (321A) 
1UL TUL §UL 1UL 1UL SUL SUL 


Og, 84 Ag 02 Xp 8, Ay GNO 0, xy 


INPUTS 
1UL TUL TUL TUE TUL 
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O; By Ay O2 A2 Bo C2 GND 
5UL TUL TUL §5UL 1UL VUE TUL 


313 DUAL JK FLIP-FLOP 
(ACTIVE PULL-UP) 
Icc * 30 MA (312C) 40 mA (312A) 
2UL SUL PUL TUL TUL SUL 2UL 
Vee Ag G2 Ka Ty 4p QQ = So 


Ry GG, Ky Ty Jy Gy, S$, GND 
2UL 5UL 1UL 1UL 1UL SUL 2UL 


323 Quad TWO INPUT NAND GATE 
(OPEN COLLECTOR) 
tcc * 5.5 mA (323C), 8 mA (323A) 
1UL TUL § UL 1UL TUL 6S UL 
Voc. Sr Aa. Mi. OR SBg Age Og 


O, 84 Ag O02 X2 By Ay GNO 


- Pin-Out Guide 


324 quad TWO INPUT NAND GATE 3 325 2,2,3,3INPUTNANDGATE 326 2 2,3, 3 INPUT NAND GATE 


(PASSIVE PULL-UP) | (ACTIVE PULL-UP) (PASSIVE PULL-UP) . ; 
icc = 28 mA (324C), 40 mA (324A) loc = 15 mA (325C), 20 mA (325A) {cc = 28 MA (326C), 40 mA (326A) 
7UL 1UL 5 UL 1UL 1UL SUL i 1UL TUL TUL SUL 1 UL tub SUL TUL TUL TUE SUL TUL TUL SUL 


Veo ©2 B82 Ag 02 Bg Ag % Yeo 3©2. B82 Az 02 Bg Ag % 


0, 8 Aq 02 X28, Ay GND 3° 83 43° (0, Cy By Ay GND 03° 83 Ag 0, Cy By Ay GND 
65 UL 1UL 1UL SUL UL 1UL 5UL 1UL TUL SUL 1 UL TUL TUL SUL 1UL 1UL SUL 1UL TUL PUL 
331 DUAL FIVE INPUT GATE EXPANDER 332 HEX INVERTER GATE 333 HEX INVERTER GATE 
icc = 4.2 mA (331C), 5.2 MA (331A) (OPEN COLLECTOR) (PASSIVE PULL-UP) 
Icc = 28 MA (332C), 42 mA (332A) Icc = 42 MA (333C), 60 MA (333A) 
‘eipiiice 1UL TUL 7UEL TUL 7UL TUL 7 UL 1UL 1UL SUL 1UL SUL TUL SUL 
Veo Rp 09 A Veo - 86 As % Aa OF AQ 0% Voce 86 “6 % Aa % AQ 0% 


Nee 1UL TUL 7UL TUL 7UL TUL TUL FUL 1UL SUL 1UL 5S UL 1 UL SUL 


334 sTROBED HEX INVERTER GATE 335 sTROBED HEX INVERTER GATE 341 DUAL 2-WIDE, 2 INPUT AND-OR-INVERT GATE 
(OPEN-COLLECTOR) (PASSIVE PULL-UP) (ACTIVE PULL-UP) ; . 
icc = 28 MA (334C), 42 mA (334A) Icc = 42 MA (335C), 60 mA (335A) lec = 11 mA (341C), 15 mA (341A) 
2UL 1UL 7UL 1UL 7UL TUL 2UL 1UL SUL 1UL SUL 1UL 5UL SUL 1 UL 1 UL 
Veo 81 Ay) ADs Os gs «O08 Veo 8: Ay ©; Ag O72 Ag’ 03 Yeo 92 82 AQ Xz 


Cy Ag 06 As, O. Aa O, GND 
4UL TUL SUL 1UL SUL TUL SUL 4UL 1UL SUL 1UL §UL 1 UL SUL 


342 DUAL MONOSTABLE MULTIVIBRATOR 343 Four sit COMPARATOR 
(ACTIVE PULL-UP) . (ACTIVE PULL-UP) 
Ice = 17 MA (342C), 23 mA (342A) Ic. = 42 MA (343C), 56 mA (343A) 
5 UL 5UL 1 UL es 
Veo €&2 G2 02 Cy ‘Gp Ag XQ Veo TULTUL TUL TUL 1UL 2UL 2UL 


INPUTS : OuTPUTS 
TUL 7UL TUL TUL SUL SUL 5 UL 
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347 QUAL RETRIGGERABLE MONOSTABLE 
(ACTIVE PULL-UP) 


TUL TUL 2UL SUL 
Vcc Bo A2 aR R'C2 G2 


By Al R RIC; Q; Q4 GND 
YUL TUL 2 Ue 5UL SUL 


351 DUAL FOUR BIT MULTIPLEXER 
(ACTIVE PULL-UP) 
icc * 33 MA (351C}, 40 mA (351A) 
TUL TUL TUL PUL TUL TUL TUL 
alata 82 83 So Sy 


lye A2 Ai Ao 


a A2 2 a a Ld 
TUL UL TUL TUL BUL BUL duL 


362 OUAL OUTPUT INTERFACE 
(ACTIVE PULL-UP) 
loc ® 10 mA (362C), 13 mA (362A) 
RT TTL RTL TTL 
Voc Oy. NY = a = 


TTLUNV) 


RATLUNY) 
ieneea RTLINI 


O, Nty ty ty ONMY GNO 
RTL TTL ATC TTL 


368 quad scHMitT TRIGGER 
(OPEN COLLECTOR) 
icc * 33 mA (368C), 50 mA (368A) 
SUL SUL 1 UL 
vec oc q a 7 7 ra INH 


Ld a A a a a a GND 
SUL §UL 


349 DUAL RETRIGGERABLE PULSE STRETCHER 
(ACTIVE PULL-UP) 
lec = 40 mA (349C), 50 mA (349A) 


PUL TUL 2UL § UL 
Veco NZ —IN2 R RIC Rwrt2 O2 


ONE 
ano 


ie IN1 Bi R/C, Riwr 0; 0, GND 
1UL TUL 2UL SUL 5UL 
355 Timer 
loc = 20 mA 


DISCHARGE CONTROL 


TRIGGER 


363 Quan ouTPUT INTERFACE 
(PASSIVE PULL-UP) 
loc = 51 mA (363C), 64 mA (363A) 


Veco By Ay KX) OO, Bg Ag 93 


370 quad DFLip-FLOP 
(PASSIVE PULL-UP) 
loc = 38 MA (370C), 48 mA (370A) 
SUL §5UL 2UL 2UL SUL SUL 


CC G, Q, OO, OO, Q), Q@) GND 
TUL SUL SUL 2UL 2UL SUL SUL 
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Pin-Out Guide 


350 EIGHT BIT MULTIPLEXER 
(ACT!VE PULL-UP) 
lec = 33 mA (350C), 40 mA (350A) 


TUL 1UL TUL 1 UL TUL TUL TUL 
Voc 04 D5 (06 D7 So $1 $2 


03 02 «py Do Q G ‘ENBL GND 
TUL TUL yyL 1UL S8UL SUL TUL 


361 oUAL INPUT INTERFACE 
(PASSIVE PULL-UP) 
loc = 8 MA (361C), 11 mA (361A) 


TTL «RTL 
Yee Yec2 Yec2 2 12 NIg 


TTL RTL Oy I Niy GNO 
Veco. Yeo 


367 QUADSCHMITT TRIGGER 
(ACTIVE PULL-UP) 
icc = 36 MA (367C), 54 MA (367A) 


§Ut 5UL TUL 
Vcc G Ei a a a a (NH 


P 2 2 a a o 2] GND 
SUL SUL 


371 DECADE COUNTER 
(PASSIVE PULL-UP) 
Ic = 41 mA (371C), 53 MA (371A) 
2UL §UL 7UL SUL TUL 2UL 
Vee CPy 5 = a oO > 


al ale 


PeAL te si Sq ae all 


RCP, Sg Q4 Sg  Qg GND 
TUL 2UL TUL 5UL 1UL 5UL 


372 HEXADECIMAL COUNTER . 
(PASSIVE PULL-UP) ssi 
icc = 41 mA (372C), 53 mA (372A) 
2UL SUL TUL SUL TUL 2UL 
Vec CP5 Qo “So Q, Sy co 


cP, a (% 
5 


Qg GNO 
UL TUL SUL. 


375 Four BIT SHIFT REGISTER 
(ACTIVE PULL-UP) 
Icc = 48 mA (375C), 64 mA (375A) 


3UL TUL 3UL tuL aut TUL duL 
Qy Py Qo K Jj Po 


Cp =P20 G2 CPE = P33, Gg 3s GND 
TUL TUL 3uL TUL YUL gy, 3UL 


382 BCD TO DECADE DECODE R/GAS DISCHARGE 
(OPEN-COLLECTOR) TUBE DRIVER 
lec = 24 mA (382C), 31 mA (382C) 


OUTPUTS 


; INPUTS OUTPUTS 
TUL TUL TUL TUL 


373 DECADE UP-DOWN COUNTER 
lec = 50 mA (373€), 55 mA (373A) 


TUL TUL SUL TUL TUL “§UL TUL 


COUNT COUNT Pare 
Vcc DOWN UP Q, INA INB  Qg_ LOAD 


BORROW Qp IND INC Qc CARRY CLEAR GND 
SUL TUL TUL SUL TUL 1UL 


380 Bcd TO DECADE DECODER/LAMP DRIVER 
(OPEN-COLLECTOR) 
!cc = 30 mA (380C), 38 mA (380A) 


QuTPUTS 


A, Ap Ag Ag 9 8 7 GNO 


INPUTS OUTPUTS 
TUL TUL TUL TUL 


383 scbd To SEVEN.SEGMENT DECODER/DRIVER 
(OPEN-COLLECTOR) 
loc = 40 mA (383C), 44 mA (383A) 


Voc Of Og OM Og % %M OF 


iliirae 


Can 


VUL TUL SUL 2UL TUL TUL 2 UL 


GNO 
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Pin-Out Guide 


374 WEXADECIMAL UP-DOWN COUNTER 
loc = 50 mA (374C), 55 mA (373A) 
TUL 1UL SUL 1UL TUL §5Ut 1UL 


. COUNT COUNT 
Vcc DOOWN uP Qa INA INB Qg LOAD 


Nl eI LIL ey Ee 
BORROW Qp IND INC Qc CARRY CLEAR GND 
SUL TUL TUL SUL TUL TUL 


381 BCD TO DECADE DECODER/LOGIC DRIVER 
(OPEN COLLECTOR) 
loc = 30 mA (383C), 38 mA (383A) 


OUTPUTS 


INPUTS OUTPUTS - 
TUL TUL TUL TUL 


390 DUAL 4 INPUT POWER AND 
~ leg = 40 mA 


391 OVAL 2 INPUT POWER AND 392 OVAL 2 INPUT POWER NAND 
loc = 40 mA lec = 40 mA 


Vcc Az Bo 02 


Ay B; QO; GND 
394 buat 2 INPUT POWER NOR 395 DUAL 4 INPUT POWER NAND 
lec = 40 mA loc = 40 mA 
Vec A2 B2 02 Vcc A2 B2 X2 C2 


Pin-Out Guide 


393 dvuat 2 INPUT POWER OR 


396 bUAL DIFF. LINE DRIVER/RECEIVER 


(mK) (1K) = 
Vcc O2 NZ Rintg Vr2 Rintg  !N2 O2 
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0; INT Rr, Ver Rint, INT Oy GND 
(7K) (1K) 


Notes | 


ENGINEER: _ bent 
PROJECT: es 
DESCRIPTION 
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APPLICATION NOTE 8 


INTERFACING THE 8700 A/D CONVERTER WITH THE 8080 uP SYSTEM 


The growth of microcomputers has included an expansion into 
process monitoring and control systems, as well as other 
applications requiring interaction with “‘real world’ physical 
variables. At the same time, advances in semiconductor 
technology have allowed complex data conversion functions 
(A/D, D/A, V/F, etc.) to be performed by small and 
inexpensive IC’s. By integrating these monolithic converter 
circuits into his microcomputer system, the designer thus can 
retain the same low cost and small size advantages which make 
the microprocessor so attractive. 


In particular, the popular Intel 8080A microprocessor and 
Teledyne Semiconductor's 8700 series analog-to-digital 
converters are well suited to such a combination. This paper 
describes the basic techniques for interfacing the two, as well 
as ways to handle some more sophisticated situations. 


SWITCHING 
FUNCTION 
DATA 
COUNTER 
AND BINARY 
OUTPUT OUTPUTS 
LATCHES 


CONTROL 
LOGIC 
ZERO 
ADJUST 0 
INITIATE © 
CONVERSION | 


See ei) 


Veg lgias 


Figure 1. 8700 Series Internal Elements 


+12V © 


FROM 8080A , 
uP SYSTEM 
+5V © 
-5V © 
(OPTIONAL 
GAIN ADJUST) 
Vin ( ) 
ANALOG @ 
GND 
20k82 
(OPTIONAL 
ZERO 
ADJUST) 
DIGITAL @ 


GND 


THE 8700 A/D CONVERTER 


Teledyne Semiconductor’s 8700 series is a~family of 
monolithic CMOS analog-to-digital converter IC’s. All versions 
— the 8700 8-bit, 8701 10-bit and 8702 12-bit ~— are 
integrating converters which can accept an unlimited input 
voltage range (changed to a current input by external scaling 
resistor) and provide a latched parallel binary digital output. 
All are available in 24-pin ceramic DIP, and the 8-bit version is 
also offered in a low-cost 24-pin plastic package. As may be 
seen from the block diagram (Fig. 1), each device contains all 
of the essential elements for a complete A/D converter; only 
minimal support components are needed. 


In addition to the 8, 10 or 12 buffered data output lines, three 
handshaking signals are provided to ease the interface to the 
host system. All outputs are CMOS and LPTTL compatible. 
The DATA VALID output signal is normally high, indicating 
that the data in the output latches is valid, for the entire cycle 
except for approximately 5us before the end of the 
conversion, when the data is being updated. Notice that the, 
latches maintain the data from the previous conversion even 
while the next conversion is being performed. A second 
output, BUSY, is high whenever a conversion is being 
performed. Finally, an input to the device, INITIATE 
CONVERSION, allows the function to be operated under 
system control. A _ positive-going pulse of at least 500ns 
duration causes the conversion to begin. If this input is tied 
high, the conversion will occur in a free-running mode at 
approximately 800 conversions per second for the 8700 (200 
conv/sec for the 8701 and 50 conv/sec for the 8702). 


Since the 8700 series devices operate from +5V and -5V 
supplies, they are particularly easy to interface with the 
8080A microprocessor system. Fig. 2 shows a _ possible 
hook-up for the 8700's analog inputs and power supply; also 


3.3kQ 


RREF 
100k82 


IREF 


AMP OUT 


AF CINT 


8700 


R 
D 
CONVERTER 


IN" 
270pF 10082 
RBIAS 
100kS2 


ZERO ADJ 
IBIAS 
Vss 
‘8 5OKLL X AX Vin 
Vop IN “DIGITS GUT 
where DIGITS OUT value of binary 
Tyr EF output word 
A 528 for 8700 
GND 2064 for 8701 


8208 for 8702 


Figure 2. 8700 Analog Input and Power Supply Hook-up Circuits, 
Including VeEeF Derived from 8080A System 
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INTERFACING THE TSC8700 A/D CONVERTER 


WITH THE 8080 uP SYSTEM 


incorporated is a circuit to supply the necessary negative 
reference, using a temperature-compensated zener diode and 
an inverting op amp. Note that the +5V supplies needed for 
the 8700, as well as the additional +12V used in the reference 
circuit, are all available from the 8080A system. 


In order to simplify the hardware and software for illustrative 
purposes, this paper concentrates on interfacing the 8-bit 8700 
converter and the 8-bit 8080A microprocessor system. The 
same principles apply to inter-connecting the 8080A with the 
higher-resolution 8701 and 8702 A/D converters. 


THE 8080A MICROPROCESSOR 


The 8080A, an 8-bit microprocessor, communicates within the 
microcomputer system over two buses, a 16-bit address bus 
and an 8-bit data bus. During each machine cycle the current 
contents of the program counter are sent out over the address 
bus; the memory receives the address and retu/ns the contents 
of the selected memory location to the 8080A via the data 
bus. During an instruction fetch cycle, the returning data is 
interpreted as an instruction. 


Communications between the microcomputer and the outside 
world are via Input/Output (I/O) ports addressed by the 
address bus. |/O instructions utilize 8-bit addresses; the port 
address is duplicated on both the low order address lines and 
the high order address lines of the address bus. 


In addition to the address and data buses, the 8080A 
communicates with the memory and I/O ports via a set of 
control signals. In particular two control lines, IN and OUT, 
are used to enable the 1/O ports. A logic 0 on the IN line will 


TSC8700 


enable the Input port that corresponds to the address on the 
address bus at that time. The OUT line functions in a similar 
fashion. 


THE BASIC 8700 !/O PORT 


A basic approach to interfacing the 8080A and the 8700 8-bit 
A/D converter is shown in Fig. 3. The conversion is started on 
command of the 8080A, using the INITIATE CONVERSION 
input of the 8700. When the conversion is complete, the 
DATA VALID output of the A/D requests an interrupt; the 
interrupt service routine transfers the current data from the 
working registers to the stack memory, and the A/D input port 
is read. A control signal then is sent to the INITIATE 
CONVERSION input to restart the conversion, and the main 
program activity is resumed. 


It is assumed that the data bus will be shared by many devices, 
both in the ports and in memory, and that inverting 
drivers/receivers (such as 8228) will be included in the 8080A 
system to service this bus. Therefore, 80L98 buffers have been 
provided at the 8700 to drive an inverted input over the data 
bus, as well as to provide a three-state function, electrically 
removing the A/D from the bus when its input port has not 
been selected. (For applications where inverted signal and high 
bus-driving capability are not needed, Teledyne is offering a 
version of the 8700 with three-state outputs.) 


Each port of the system is assigned an address by virtue of the 
way the address bus is decoded to select the port. In the basic 
input port of Fig. 3, the output of the 7430 gate is low only 
when all of its inputs are high. This corresponds to address 
FFyY. 


iNT REQ 


8080A 
BIDIRECTIONAL || MICROPROCESSOR 


>’ >' > pip p ps 
o Oo ns OD OT 


3 


Figure 3. Basic 8700/8080A Interface 
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APPLICATION NOTE 8 


INITIATION = 
3 THE CONVERSION 


MUL A, 33H 
OUT OFFY 31S INITIATED 
MUI A,@ :BY SENDING A 
OUT OF FH ;BRIEF PULSE 
3TO PORT FF 
3 INTERRUPT 

PUSH B $THE PROCESSOR 
PY SH D sREGISTERS AND 
PIYSH H 3STATUS ARE SAVED 
PUSH PSW 3IN THE STACK, AND THE 
IN OFFH SDATA IS READ AND 
MOV BLA $STORED IN REG B. . 
MVI A, 30H sTHE CONVERSION IS 

- OUT OFFH SINITIATED AND 
MVI A, 3 3THE DATA IS 
OUT OFFH 3 PROCESSED. 
POP PSY 3WHEN COMPLETE, 
POP q 3THE REGISTERS 
PoP D 3ARE RESTORED, THE 
POP B 2 INTERRUPTS ENABLED 
RET 3 AND PROGRAM 


CONTROL RETURNED 


Figure 3A 3TO THE MAIN PROGRAM. 


To initiate a conversion in the A/D, an output port, also 
address FFH, is used. By defining both the input and output 
ports as address FFy, the same address decoder, the 7430, 
may be used for both functions. In this case the output of the 
7430 and the OUT signal are gated by 7402 to clock half of a 
74C74 flip-flop. The D input of the flip-flop is tied to the D7 
line of the data bus. The flip-flop is, in effect, a one-bit output 
port. Sending the data word 80H to port FFy with an output 
(OUT) instruction will cause the flip-flop to be set, thus 
supplying an INITIATE CONVERSION signal to the 8700. A 
second output instruction, sending OOH to the same port, will 
reset the flip-flop and remove the INITIATE CONVERSION 
signal. Since an output instruction requires ten 0.5usec clock 
cycles to execute, the INITIATE conversion pulse will be 
approximately 5usec long. After beginning the conversion 
process by the double output instructions, the 8080A is free 
to perform other processing operations. 


When the 8700 completes its conversion cycle and latches the 
result onto its internal output latches. the DATA VALID 
output goes high. This triggers the other half of the 74C74 


HANDLING MULTIPLE A/D CONVERTERS 


When multiple analog inputs are involved, conventional system 
designs. have tended to use an analog multiplexer feeding a 
single high-speed A/D converter. With the ‘increasing 
availability of low-cost converter IC’s, the approach of using a 
separate A/D for each analog line becomes more attractive. 
Fig. 4 illustrates a. system of eight 8700 converters all 
supplying data in parallel to an 8080A system. | 


The system illustrated in Fig. 4 contains many of the same 
elements as the basic input port of Fig. 3. As before, the data 
outputs of the 8700s are buffered with 80L98 three-state 
buffers to drive the bus and to allow them to be disconnected. 
The decoding circuitry is slightly more complex. The five 
high-order address lines form the inputs to a 7430 gate which 
is used to enable a 7442 BCD to decimal decoder. The 7442 
performs the final decoding by selecting the appropriate 8700 
whenever an INPUT instruction is executed to one of the 
output ports F8y to FFy. Also, the 8700s have their INITIATE 
CONVERSION inputs tied high. so the devices operate in the 
free-running mode. 


The. interrupt scheme in this system is far more versatile than 
that previously illustrated. The user may assign priorities to 
each of the input ports, so that if one port has already 
interrupted the system and is being serviced, only a higher 
priority port can interrupt it. Lower priority interrupts will be 
delayed until the first port has been serviced. 


Each of the eight interrupt input ports is constructed of a 
74L74 flip-flop with its D inputs wired high. Each flip-flop is 
clocked independently by lines from the appropriate 8700 
DATA VALID output, transferring the logic one on the D 


_ input to the O output. The O output of each flip-flop is gated 


flip-flop, clocking a logic one from the D input (tied high). 


onto the INTERRUPT REQUEST line. The result is that the 
microprocessor is interrupted when the conversion is 
complete. The interrupt service routine (See Fig. 3A) saves the 
CPU's working register contents by pushing them onto the 
stack and then reads the output of the 8700. 


To read the 8700 input port, it is necessary to supply the 
address of port FFy on the address bus while simultaneously 
sending out a logic zero on the IN control line. The 
combination of the 7430 and 7402 gates supplies a logic zero 
to the enabling input of the 80L98 three-state buffers on the 
outputs of the 8700 and to the clear input of the 74C74 
flip-flop on the INTERRUPT line; this puts the 8700 data on 
the data bus and removes the interrupt request. 


After reading the converter data and saving it in one of the 
registers, the system again pulses the INITIATE 
CONVERSION input to start the next conversion, restores the 


stack with a series of POP instructions, and resets the internal. 


interrupt-enable flip-flop. Thus the 8080A only reads the 8700 
when the new information becomes available; the rest of the 
time is spent in processing activities. . 
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onto the INT REO line producing an interrupt whenever one 
of the 8700’s completes its cycle. The O outputs of the 
flip-flops are buffered by the 8098 and tied to the data bus; 
this buffer is enabled by a 7430 and 7400 gates to respond to 
the INPUT instruction at address 7FY. The 8080A thus can 
determine which flip-flop has caused the interrupt and which 
of the 8700s has completed its conversion cycle. 


The interrupt service routine (See Fig. 4A) saves the contents 
of the working registers with a series of PUSH instructions, 
and then proceeds to determine which port caused the 
interrupt. This is done with an input (IN) instruction to 
address 7FW, which loads the status of the DATA VALID 
outputs from the 8098 into the accumulator. Here the word 
can be tested, bit by bit, until a logic one is found. This is then 
converted to the address of the correct 8700 input port and 
that port read with an input instruction. At the conclusion of 
the service routine, the flip-flop is reset by sending a zero to 
the appropriate bit position of the output port 7F which 
shares the same decoding circuitry as the input status port. 
Finally the stack is restored, and the internal interrupt enable 
flip-flop is reset. 


There is nothing to prevent one of the 8700s from completing 
its conversion cycle and sending out a DATA VALID signal at 
the very time that another 8700 port has caused an interrupt 
and is in the process of being read. If this occurs, the flip-flop 
tied to the second port will be set and an additional interrupt 
signal generated. This will have no effect, however, since the 
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ANALOG.-TO-DIGITAL CONVERTERS (8) 


Ving 8700 A/D 


8 ANALOG Vin 8700 A/D 
INPUT SIGNALS — 


Wine al 


Ov 
“a 74.76 © 
PRIORITY INTERRUPT CLK R 
CIRCUITRY 


(2) 7 


OUT PORT 7F 


80L98 


ized 
OR 74L74 
ized R 


INT REQ 


(1/2) 
8228 


8/DATA BUS 


8698 8080A 


(1/2) ‘ 
8228 CLOCK 


MICROPROCESSOR 
SYSTEM 


Dy Dy 
MEMORY 
MEM R 


eam (0S (RE il EE 
BC 20a 


MEM W 


Figure 4. Eight Port A/D Converter System with Maskable Priority Interrupt 


3 THIS IS A PROGRAM FOR RESPONDING 
3TO AND SERVICING EIGHT INTERRUPTING 
s INPUT PORTS ON A PRIORITY BASIS. 


POLLED: PUSH 


LOOPI:s 


LOOP2: 


JMP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 
JMP 


STABL: 


D,@ 


LOOP! 


H, STABL 
B, 3 


LOOP2 


ONE 
TYO 
THREE 
FOUR 
FIVE 
SIX 
SEVEN 
EIGHT 


3 SAVE PROCESSOR 
SREGISTERS AND 
3 STATUS. 


SREAD INPUT PORT 
3TO FIND WHICH 
3CAUSED INTERRUPT. 
3SET D TO ZERO 
SAND CARRY TO ZERO. 


sDETERMINE WHICH 

3PORT CAUSED INTERRUPT 
3BY ROTATING ACCUMULATOR 
sLEFT AND TESTING 

3FOR PRESENCE OF 
3CARRY. INCREMENT 

3D EACH TIME. 

3LOAD H AND L WITH 

3 STARTING ADDRESS 

3OF JUMP TABLE AND 

3B AND C WITH 3. 


3ADD B AND C TO 

3H AND Ls DECREMENT D 
3AND TEST FOR 

3ZERO. EXIT LOOP 

3BY TRANSFERRING 

3TO APPROPRIATE 

3JUMP COMMAND 

sIN JUMP TABLE. 


3JUMP TABLE 
sCONSISTING OF 
33-BYTE JUMP 
Ss INSTRUCTION 


Figure 4A 
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RSTR: 


ONE: 


TWOs 


JMP 


RSTR 


aFOH 
B,A 
OF CH 
TFH 


RSTR 


sRESTORE REGISTERS 
sAND EXIT. 


3THIS IS THE 

3 SERVICE ROUTINE 
3FOR PORT #1. 

3IT LOADS THE 

3 PRIORITY MASK 
sWITH 1111 1118, 

3 ENABLES INTERRUPTS 
SAND PROCESSES 

3 DATA. AT CONCLUSION, 
3 THE PROGRAM JUMPS 
3TO RSTRe 


3THIS IS THE 
sROUTINE FOR 

3PORT #2. THE 

37 PRIORITY MASK 

sIS 1121 1100 WHICH 
3KEEPS PORT #1 
3FROM INTERRUPTING. 


3 THE BALANCE OF THE SERVICE ROUTINES 
3ARE OMITTED FOR BREVITY. 


TSC8700 


8080A’s internal-interrupt enable flip-flop is automatically 
disabled when the first interrupt is received, locking out any 
further interrupts. (This flip-flop must be reset with an El 
instruction, Enable Interrupts.) The first interrupt service 
routine ends with the resetting of the status flip-flop and the 
enabling of the internal interrupt enable flip-flop. This 
removes the source of the first interrupt, but the second status 
flip-flop now causes a new interrupt which must be serviced in 
turn. The 8080A will respond to each of the input ports as 
they complete their cycles, even if several occur in a short 
period. 


So far we have assumed that each of the 8700 ports is of equal 
importance. When we wish to assign priorities to the ports, it is 
only necessary to make a slight change in the program — no 
hardware changes are needed. This is done by holding the reset 
inputs of selected data valid flip-flops low, which effectively 
serves to inhibit those ports from causing interrupts. The 
output port 7F accomplishes this by having its latches loaded 
with a binary word called a priority mask. Each interrupt 
service routine begins by loading a different priority mask into 
the output port and resetting the internal enable interrupt 
flip-flop. For example, if the priority mask for port number 3 
is 11111100, port number 1 and 2 cannot interrupt the 
processing of port number 3 data; ports number 4 through 
number 8, however, can cause further interrupts. 


If it is necessary to guarantee that no data is ever lost, a slight 
modification places the conversion cycle under the control of 
the CPU. This is done by tying the reset inputs of the status 
flip-flops to the INITIATE CONVERSION inputs of the 
corresponding 8700's. The process of resetting the status 
flip-flop after the port has been read will cause the cycle to 
restart. This has the effect of holding the data on the output 
latches of the 8700's until it has been read. 


INCREASING THE THROUGHPUT 


If a great deal of data manipulation is to be done by the 
8080A or a large number of 8700 input ports are to be 
connected to the bus, it is possible to feed data to the system 
faster than it can be processed. If the analog inputs on some of 
the ports are changing slowly, additional logic can be added to 
increase the effective capacity of the system. This involves 
adding a latching output port with the same address as the 
8700 input port corresponding to it. (See Fig. 5) After the 
input port is read initially, an output instruction to the same 
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address causes the data to be duplicated in the 74175 latches. 
The open collector feature of the 9386 allows them to be 
collector-ORed; logic ones at all of their outputs signify that 
the data in the 8700 latches matches that in the output port. 
This condition means there has been no change in the analog 
input voltage and there is no need to reprocess the data. If one 
of the bits of the 8700 does not match the corresponding bit 
in the 74175, a zero will be produced on the outputs of the 
9386. This will deliver a clock pulse to the 7474 status 
flip-flop which will in turn interrupt the 8080A. From this 
point the operation is similar to the system already discussed. 


TO 8080 
DATA BUS 


TO 8080 
DATA BUS 


o< | 
74.00 TAQ? 
> ae 


> O 


INT REG 


Figure 5. Significant Change lnterrupt for 8700 Input Port 
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RATIOMETRIC APPLICATIONS 


Variable Voltage 
V+ Standard 


Bridge 


Circuit Be 
. TELEDYNE 


8700 SERIES i DATA 
hie OUTPUTS 
OUTPUT VIN 


COUNT " Vref °K 


Full Scale 
20K 1% | Adjust 


243K 1% 


AF 


3% DIGIT A/D WITH GAS DISCHARGE DISPLAY 


| 
/ 


DISPLAY: BECKMAN SP-355 OR EQUIVALENT 


| 


+180 V0 
_| aaa 
150 K 330 K 
= DD700 OR DD700 OR DD700 OR 
DM8880 DM8880 DM8880 
Vec 
MPS-A42 
OR EQUIV. 1) 2 
= 47 K 
45 V 0 
ee 
5 = 24 4] 3} 211 21 19 8| 7 11} 10 
p 15 1,000 100'S INITIATE = Vpp 10'S 1S 
CONVERSION - 
Rin = 100°. 68 pF | cane OO 
‘ ~~. 
sie 0-10V Mo 14] “WN TELEDYNE 8750 
IN 7 IN 
Ree “5V 3% DIGIT AID CONVERTER 
i oo. 
if ; | DATA [23 
100 K 16 VALID: 
20K 
IREF BIAS Vss GND 
ZERO Ar, 7 18 20 
ADJUST | = 
bene a I 270 K 100 K = 
0.1 
-5VO 
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OVERRANGE INDICATOR UNDERRANGE INDICATOR 


i" 
8750 AID 1- LOW RANGE 


(COUNT < 20) 


0= OVERRANGE 
(COUNT = 1,999) 


WA 
Ya 4011 a 
7 = -: 1 = LOW RANGE 
VINO } 
UNDERRANGE = 
(COUNT < 40) uU ca, q 
Ry | I 
i I 
WY 
RANGE EXAMPLE S 
Ry= 1M (10V) - 
Ro = 100K (1V) 1 OVERRANGE ene 
(COUNT > (1999) OPTIONAL VISUAL 
INDICATION 


DUAL 3% DIGIT LED DISPLAY 


ENABLE ENABLE 
DISPLAY 1 DISPLAY 2 
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AID 
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VER ef_Jc 


AID CONVERSION RATE: 100 Hz DISPLAY RATE: 50 Hz 
SAMPLING RATE: 50 Hz 
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DISPLAY 
NO. 1 
DRIVER 
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ANALOG PEAK DETECTOR WITH DIGITAL HOLD 


RESET sug 
15 
68 pF 
VIN M2 | 4, 
0-10V 1000) TELEDYNE 
8700 
270pF 294 4/0 CONVERTER 
15V = 
100K 
20K he 


| ZERO 
5V ADJUST 1K | 


Analog peak detection is accomplished by repeatedly 
measuring the input signal with an A/D converter and com- 
paring the current reading with the previous reading. If the 
current reading is larger than the previous, the current 
reading is stored in the latch and becomes the new peak 
value. Since the peak is stored ina CMOS latch, the peak 
can be stored indefinitely. 


The TELEDYNE 8700 A/D converter measures the analog 
input at a 1 KHz rate and computes the binary value of the 
input. After each 1ms measurement, the binary value is 

ched in the output of the A/D. This value is then presented 
to both the 4585 comparators and the 4508 8-bit latch. If 
the A/D’s value is greater than that of the 4508 memory, pin 
13 (A>B) of the 4585 goes high. This allows the strobe 


Ao 
Ay 
A2 FT IGITAL 
A3 | outputs 
Aq 
As 
oo . 
A7 
Ao 
4585 | 9 
Ay 4 BIT By 
COMPARATOR 
A2 B 
A3 B3 
VsS A>B A:B AcBE 
“Tia, | 


pulse to go through the 4001 NOR gate to the 4508 
memory. The new value is then stored and becomes the 
reference for subsequent readings. Each time the A/D has 
a value greater than that stored in the latch, the latch is up- 
dated with the larger peak. The system is reset by pulsing 
the 4508 reset pin high, causing the output to go to 0000 
0000. 


This system uses an 8-bit A/D to give 0.4% resolution. If 
greater resolution is required, the 8700 can be replaced by 
the 8701 (10-bit) for 0.1% resolution or the 8702 (12-bit) for 
0.025% resolution. Since this will require 10 or 12 bits to be 
compared instead of 8, the memory and comparator need 
to be expanded by adding one additional 4508 and one 
4585. 
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8—CHANNEL DATA ACQUISITION SYSTEM | 


+5V 


ZERO | 
ADJUST 


ie 13 
V2 
149 4051 Mo 
V3 OUT 
Ay 1S?) 8 CHANNEL 
ANALOG | V4 ANALOG 


INPUTS fy.s MULTIPLEXER 
V6 


V7 


FULL 
SCALE 


Vo 


A low-cost data acquisition system with 8 inputs and 8 bits 
(0.4%) of resolution at the ouput can be built by using the 
TELEDYNE 8700 CMOS A/D converter and adding the 4051 
8 channel CMOS multiplexer and the 4024 binary counter. 


Each input is measured for 1ms, then the digital value is 
placed in the output latch and remains for 1ms while the 
next input is being measured. After each 1ms measure- 
ment (conversion), the data valid line goes low for 5us to 
indicate that the output latch is being updated. (The data 
must not be read during this period.) The negative edge of 
the data valid pulse is used to advance the binary counter 
by one. So after each conversion the 4051, via the 4024, 
automatically advances to the next input. The sampling se- 
quence is therefore V1, V2,...V7, VO and then back to V1. 
The 8700 resets itself for 2.5us after the data valid pulse so 
the analog switch has a total of 7.5us to settle down. This is 
more than adequate to assure that the A/D will ignore any 
switching transients. 


For the circuit shown, the input voltage range is limited by 
the 4051 to + 5 volts (Vpp, VEE). If more input voltage range 


950K 


ADJUST | 


THREE STATE 


ENABLE 
4..CO BIT 
0 
~~ 12 
1 
TELEDYNE 11 : 
8700 10 
DIGITAL 
8 BIT AID : a ne 
; 4 | outputs 
5 
7 
6 
6 
7 
15 


DATA VALID 


ADDRESS 
OUTPUTS 


is needed, then Vss and VEE can be increased or the 1MQ 
resistor can be replaced by individual resistors in front of 
each analog input. The exact value of each resistor is deter- 
mined by dividing the maximum input voltage by 5yA. 
(RIN = Vmax + 5pA). 


The 950K and 100K resistor are used to provide an offset 
current of 5A, allowing the analog input voltage to be 
negative as well as positive. If the input voltage does not 
go negative, then these two resistors can be deleted. 


By adding additional 4051’s, the number of analog inputs 
can be increased in multiples of eight. The additional 
binary outputs of the 4024 are then simply decoded to con- 
trol the inhibit (1) input of each 4051. | 


If three-state outputs are needed for interfacing to a data 
buss, then the 8700 can be replaced by the 8703. The 8703 
is identical to the 8700 except that the digital data outputs 
are three-state outputs controlled by pin 24 (ENABLE). 
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Front Connector 
Pin Numbers 
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GND 


910 |W />P 


Te 
YW 4011 (2) 
+ 
4051 
8 CHANNEL 
MULTIPLEXER NOTES: 
(1) Only one zero adjust control is required. For tinputs use the 953K 
+ 5V resistor and 100K potentiometer, ground pin 16 and delete the 1K, 100K and 
_ 5V 20K components. When measuring only positive voltages delete the 953K 


resistor and the 100K potentiometer. 
(2) For an eight channel data acquisition system ground this point and 
delete Ico and Ics. 
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8700 PC BOARD METAL PATTERN 
PC BOARD FOR 1, 8, 16 CHANNEL DATA ACQUISITION SYSTEM 


Jais yova 


¢00°+ 000°S Ol 39NdG3y 


PC board can be ordered from Teledyne as part #8700PC. 


Note 
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PIN-OUT DATA FOR 
16 CHANNEL DATA ACQUISITION SYSTEM 
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ASSEMBLY INFORMATION 
8-CHANNEL DATA ACQUISITION SYSTEM 


16-CHANNEL DATA ACQUISITION SYSTEM 
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CeeG ke 

N i) 
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an 
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Ref # 


IC1, 1C2 
IC3 
IC4 
IC5 


C1 
C2 
C3, C4, C5 


R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 


Part Number 


4051 
8700 TYPE 
4024 
4011 


68pF + 10% 
270pF + 20% 
O.1uF + 20% 


* 953K + 1% 
* 100K + 10% 
* 1IMQ + 1% 
10002.+ 10% 
20K + 10% 
100K +5% 
1K + 5% 
100K + 10% 
* 20K + 10% 
* 243K + 1% 
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3 # PARTSLIST 
16 CHANNEL DATA ACQUISITION SYSTEM 


Description 


CMOS — 8 CHANNEL ANALOG SWITCH 
CMOS — TELEDYNE A/D CONVERTER 
CMOS — 7 bit BINARY COUNTER 
CMOS — QUAD 2-INPUT NAND GATE 


Low leakage mica, ceramic, etc. 
Ceramic, mica, etc. 
Ceramic, mylar, electrolytic, tantalum, etc. 


Carbon, carbon film, metal film, etc. 
Trimmer resistor 

Carbon, carbon film, metal film, etc. 
Carbon resistor 

Trimmer resistor 

Carbon resistor 

Carbon resistor 

Carbon resistor 

Trimmer resistor 

Carbon, carbon film, metal film, etc. 


* The stability of these components directly affects the accuracy of the overall system. Choose components whose 
stability is consistent with the accuracy and temperature range required. For example, if an 8-bit A/D is used at a constant 
temperature, then 5% carbon resistors may be adequate since an 8-bit A/D’s resolution is only 0.4%. However, if a 12-bit 
A/D (0.025% resolution) is to be used over the -55°C to + 125°C temperature range, then these components will be very 
critical and should have a stability of 5 to 15 ppm for fixed resistors and 25 to 50 ppm for variable resistors. 


The following parts list of possible suppliers is intended to be of assistance in putting a converter design into produc- 
tion. It should not be interpreted as a comprehensive list of suppliers, nor does it constitute an endorsement by Teledyne 


Semiconductor. 


TYPICAL COMPONENT SOURCES | 
FOR PRECISION APPLICATION 


A. Precision fixed resistors 


Value Tol. 

243K +1% 
953K +1% 
1MQ: +1% 


B. Variable resistors 


20K/100K | 
20K/100K 


+10% 
-+10% 


C. Capacitors 


+10% 


68pF 
68pF +10% 
68pF +5% 


Typical Source 
Mepco/Electra 


Mepco/Electra. 


Mepco/Electra 


Mepco/Electra 
Spectrol 


Union Carbide 
Union Carbide 
Corning 


Type Temp. Coeff./°C 

5033R + 5ppm/ + 25ppm/ + 100ppm 
5033R + 5ppm/ + 25ppm/ + i00ppm 
5033R + 5ppm/ + 25ppm/ + 100ppm 
8035 + 100ppm 
43P + 100ppm 
C114K680K1X1CA _ + 800ppm 
C114G680K565CM + 30ppm 
CY06C680G ~ + 25ppm 
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DESIGN INFORMATION 


AVOID INTRODUCING ERRORS: 


Proper design procedures are necessary to obtain best 
accuracy from 8700 series converters. 


a. Do not route logic signals under the 8700 or near any 
of the three analog terminals lin, IRef, and Zero Ad- 
just (pins 13, 14, 15, 16). 


b. Plan your grounding. Keep the analog ground 
isolated from the logic ground by making the two 
electrically common only at the system ground. 


c. Filter the supply voltages by using bypass capacitors 
of value 0.1nF or greater connected in shunt between 
the supply line and the logic ground (pin 20). Locate 
the capacitors as close as to the 8700 as practical. 


d. Provide a reference as stable as the conversion ac- 
curacy you expect. Remember: 


DIGITAL COUNTS = at. ex = VIN = RIN on 


REF VREF + RREF 


The conversion accuracy is a direct function of the 
Vref: In terms of Veer voltage regulation, the 8-bit 
requires +.04%, the 10-bit, +.01%, the 12-bit, 
+ .0025%, and the 3% digit BCD, +.005%,to in- 
troduce less than 1/10 LSB error. 


e. Choose a full scale voltage range as large as possi- 
ble; this will minimize the effect of zero drift and in- 
put noise. For example, a 50xV zero drift or noise 
voltage on the 8701 (10-bit) will produce a + % LSB 
error at 500mvV full scale, but only + 1/40 LSB at 10V 
full scale. 


2. 
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OTHER SUGGESTIONS FOR IMPROVING PERFOR- 
MANCE: 


a. For Cinq, virtually any type of non-polarized 68pF 
+ 10% is acceptable. Locate as near to the converter 
as possible and away from noisy lines. 


b. Locate RDAMP and CpaAmpP as near the converter as 
possible and away from noisy lines. The value of 
RDAMP = 10002 and Cpamp = 270pF are nominal; 
these two elements stabilize the input op amp to pre- 
vent oscillations. 


CAUTION: WHEN USING ZENERS, OP AMPS AND 
VOLTAGE REGULATORS: 


These devices are often used as input amplifiers, 
voltage references and power supplies for A/D con- 
verters. It is worth noting that these devices can 
generate quite a bit of ‘‘High Frequency” noise. 
Normally, this noise does not interfere with the opera- 
tion of the A/D converter. However, excessive noise 
from zeners, used as voltage references for example, 
have been found to be the cause of strange counting se- 
quences and non-linear A/D operation. It should 
therefore be standard practice to bypass all zeners and 
voltage regulators with at least 0.14F capacitors. (If the 
zener is exceptionally noisy, 1 to 10uF capacitors may 
be required. Remember that zeners are often used as 
white noise sources in noise generators.) 


If erratic operation is still observed, then either the op 
amp’s feedback resistor or the output should be bypass- 
ed. Note also that the noise level of zeners, op amps and 
voltage regulators varies from lot to lot and especially 
from one manufacturer to another. Bypassing these 
devices during the design stage will prevent the noise 
level variation from becoming a possible production 
problem. 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES 
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NEGATIVE SUPPLY GENERATOR 


4049 


20K 


5V 


HEX INVERTER 
5.1V 
VSs 
Vo 
. 10nF taVo 10,.F lo —» 
. | Voltage Doubler 
a4 -2 -3 -4 -5 -6 -7 -8 -9°-10 
Ig(mA) 
OUTPUT VOLTAGE VS OUTPUT CURRENT 
A negative voltage for Vss and Vref can be generated When higher input voltages (V+) are available the 10pF 
from the positive supply by using a hex inverter as a free capacitors can be lowered to 1 or 0.14F depending on the 
_ running oscillator to drive a voltage doubler. The five in- output loading. If this circuit generates more voltage than 
verters are paralleled to provide a low output impedance. is needed, one half of the diodes and capacitors can be 
Since the 4049 is a standard 4000 CMOS part, the circuit. | eliminated to reduce cost. The output voltage will then be 
can be operated from 3 to 15 volts. 10uF capacitors were . one half of that shown in the graph and is available on the 
used in order to minimize output ripple at low V + voltages. negative side of the 10uF capacitor connected to ground. 
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The Teledyne Semiconductor 8700 series are integrating | 


* Tie 10 Vop for free run mode 


Vv Vss: 3.5V to 7.0V 
OD. YSS: 4-~ Ver 


AID converters. These are available with 8-, 10-, or 12- bit 


resolutions, with or without three- state outputs, and 


23 DATA VALID 


£180 in a 3% digit parallel BDC format. Individual data 


sheets are available anor Teledyne Semiconductor. 
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VOLTAGE TO FREQUENCY . APPLICATION 


FREQUENCY TO VOLTAGE CONVERTER 
NOTE 10 


By Michael O. Paiva 


RATIOMETRIC MEASUREMENT 
(ANALOG DIVISION) 


V4 
COUNTER 
V2 ONE | ONE 
SHOT SHOT 


V4 
OUTPUT =N — 
V2 


One of the most difficult circuits to build is one which will 
divide one analog signal by another. Two V/F converters can 


do such division with ease. The numerator is counted directly 
as a signal, while the denominator forms the time base. 


RPM/SPEED INDICATOR 


ANALOG DISPLAY 
a 


DVM DISPLAY 


(OPTICAL OR MAGNETIC) | | (7 7 


RPM 


converted to a proportional voltage by the use of an F/V 


Flow rates and revolutions per second are nothing more than 
converter. A simple voltmeter will then give a visual indication 


frequency signals since they measure the number of events per 
time period. Optical and magnetic sensors will convert these of the speed. 
flows and revolutions into a digital signal which in turn can be 


MOTOR SPEED CONTROL 


PULSE TYPE TACHOMETER 
(OPTICAL OR MAGNETIC) 


The motor’s speed is measured with the F/V, which converts negative feedback system to maintain the motor at the con- 
RPM into a proportional voltage. This voltage is used in a trolled setting. 
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- TSC9400_ 


PROPORTIONAL FLOW RATE CONTROLLER 


A 9400 F/V can be used to regulate the amount of liquid or verts this frequency to a proportional analog voltage which is 
gas flowing through a pipeline. | used to drive the valve controller. The valve controller regulates 

the valve so that the flow is steady even though pipeline pres- 
The flow rate detector generates a pulse train whose frequency = sure goes up and down. A voltmeter connected to the F/V 
is proportional to the rate of flow through it. The F/V con- output will indicate the actual instantaneous flow rate. 


TEMPERATURE METER 


TEMP DISPLAY 

= = I— GAT 5 ee ee 

i : 

Se ee <1, eae ot] eeeemeeneee, (a ORICON (Dae 
RESET . RESET ] | j | j | 


TEMP PROBES | . 
A. THERMOCOUPLE fies PREAMP B. THERMISTOR PREAMP C. TRANSISTOR PREAMP — 
JUNCTION : 
{ 


A temperature meter using the voltage output of a probe, For long distance data transmission, the 9400 can be used to 
such as one of the three shown, can be economically and modulate an RF transmitter. 

straightforwardly implemented with the 9400 V/F. The V/F 

Output is simply counted to display the temperature. 
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TSC9400 


A/D CONVERSION WITH A MICROPROCESSOR 


Vine 9400 

wie Fout 
There are two schemes that can be utilized to accomplish A/D 
conversion with a microprocessor: 


1. Depending on the number of digits of resolution required, 
VOUT is measured by counting the V/F frequency for 1ms, 
10ms, 100ms, or 1 second. The final count is then directly 
proportional to the input voltage. (The microprocessor 
provides the time base.) 


2. VIN is measured by determining the time between two 
pulses (negative edges). The FQUT signal is used as a gate 


L L U . 


DIGITAL 
OUTPUT 


for counting the microprocessor’s clock. The final count 
will then be inversely proportional to the input signal. 


By taking the one’s complement (changing 1’s to O’s and 
O’s to 1’s) of the final binary count a value directly propor- 
. tional to the input will result. 


This technique will give a faster conversion time when 
resolution is very important, but dynamic range is limited. 


13 BIT A/D CONVERTER 


13 BIT BINARY COUNTER 


GATE 


RESET 


TIME 
BASE 


13 BIT LATCH 


BIT 12111098 76543210 


A 13 bit binary or 4 digit BCD A/D converter can be built by 
combining the 9400 V/F with a counter, latch and time 


base. When the V/F is set up for 10KHz full scale a 1 second 
time base will provide one conversion per second. 


4 DIGIT VOLTMETER W/OPTO-ISOLATED INPUT 


V+ 


BATTERY OR 
TRANSFORMER 
{SOLATED 

SUPPLY 


The use of a frequency counter will give a display of the V/F’s 
frequency which is directly proportional to the input voltage. 


When the V/F is running at 10KHz full scale, a 0.1 second time 
base will give 3 digit resolution with 10 readings per second. 


The opto isolator is used for transmitting the frequency so 
that there is no DC path to the frequency counter. This is 
especially handy in medical applications where a voltage probe 
should not be directly connected to a human body. 
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LONG TERM INTEGRATOR WITH INFINITE HOLD 


DIGITAL DISPLAY 


BINARY 
VINO oe “| OR BCD 
COUNTER 
t re rome D/A O Vo 
. oO 


This system will integrate an input signal for minutes or days applications involve controlling the amount of surface metal 


and hold its output indefinitely. The data is held in a digital deposited in a plating system or how much charge a battery 
counter and will stay there until the counter is reset. Typical has taken on. 


VOLTAGE OUTPUT 


LONG TERM INTEGRATOR FOR BIPOLAR (+/—) SIGNALS 


ABSOLUTE VALUE CIRCUIT 


When the input signal is negative as well as positive there positive voltage only; and also telling the counter to count up 


needs to be a way of generating ‘‘negative’’ frequencies. An for a positive voltage and to count down for a negative voltage. 
absolute value circuit accomplishes this by giving the V/F a | 


ANALOG SIGNAL TRANSMISSION OVER TELEPHONE LINES 


SYSTEM LINEARITY ~0.03% 


The 9400's square wave output is ideal for transmitting analog At the other end of the telephone line a 9400 F/V converts 
data over telephone lines. A square wave is actually preferred the frequency signal back into a voltage output which is 
over a pulse waveform for data transmission since the square linearly proportional to the original input voltage. 


wave takes up less frequency.spectrum than a pulse waveform. 


The square wave’s spectrum can be further reduced by use of 
low pass filters. 
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APPLICATIONS OF THE TSC9400 VOLTAGE TO FREQUENCY 


FREQUENCY TO VOLTAGE CONVERTER 


TSC9400 


TELEMETRY 


In a telemetry system the 9400 converts the analog input 
(Vin) into frequencies (10Hz to 100KHz) which can be used 
to modulate an RF transmitter. 


At the other end a receiver picks up the RF signal and modu- 
lates it back into the 10Hz to 100KHz spectrum. A frequency 


DIGITAL DISPLAY 


RF 
RECEIVER 


COUNTER 
GATE LATCH RESET 


TIME BASE 


counter connected to this signal will then give a count which is 
linearly proportional to the original analog voltage (V jj). 


If a linearly proportional analog output voltage is required, 
then the counter can be replaced by a 9400 used in the F/V 
mode. 


HIGH NCISE IMMUNITY DATA TRANSMISSION 


TWISTED 


PAIR CABLE 
wT Heed: 


DIFFERENTIAL 
DRIVER 


When transmitting analog data over long distances it is advan- 
tageous to convert the analog signal into a digital signal which 
will be less susceptible to noise pick-up. 


In the above system the 9400 converts the input voltage into 


DIFFERENTIAL 
LINE RECEIVER 


DIGITAL DISPLAY 


COUNTER 
GATE LATCH RESET 


TIME BASE 


ANALOG DISPLAY 


either a pulse or square wave which is transmitted on a pair ot 
wires by use of a line driver and receiver. At the other end 
the original voltage (Vjjy) can be digitally displayed on a fre- 
quency counter or converted back to an analog voltage by use 
of a 9400 F/V converter. 
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APPLICATION NOTE 10 


DC RESPONSE DATA RECORDING SYSTEM 


CASSETTE OR 
REEL TO REEL 
RECORDER 


Low frequency analog data (DC to 10KHz) can be recorded back speed, the frequency spectrum of the original data can 
anywhere, stored and then reproduced. By varying the play- be shifted up or down. 


FSK GENERATION AND DECODING 


V+ ve 
CENTER 
FREQUENCY 


FREQUENCY 


OFFSET 
> DIGITAL 
OUTPUT 
of]o of]|o ofjo 
1 1 ; 1 1 
Frequency shift keying (FSK) is a simple means of transmit- the lower frequency. The digital input will then determine 
ting digital data over a signal path (two wires, telephone lines, which frequency is selected. A ‘‘0’’ selects the lower frequency 
AM transmitters or FM transmitters). while a “1” selects the upper frequency. 
Typically only two frequencies are transmitted. One corres- The digital frequency signal is converted back into a digital 
ponds to a logical ‘‘O’’ while the other corresponds to a logi- format by a 9400 used in the F/V mode. 
cal “1”. 
A 9400 V/F will generate these two frequencies when con- 
nected as shown above. The potentiometer sets the V/F to 
ULTRA LINEAR FREQUENCY MODULATOR 
V+ 
CENTER 
FREQUENCY 
FREQUENCY OUTPUT 
SL LULL 
Since the 9400 is a very linear V/F converter an FM modu- tion) around the center frequency. VIN can be negative as 


lator is very easy to build. well as positive. 


The potentiometer determines the center frequency while 
VIN will determine the amount of modulation (FM devia- 
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FREQUENCY TO VOLTAGE CONVERTER 


TSC9400 


FREQUENCY METER 


‘ 9400 Vo 
INS F/V 


The 9400 will convert any frequency below 100KHz into an 
output voltage, which is linearly proportional to the input 
frequency. The equivalent frequency is then displayed on an 


analog meter. 


ANALOG METER 


If the incoming frequency is above 100KHz a frequency divider 
in front of the 9400 can be used to scale the frequency down 
to the 100KHz region. 


TACHOMETER BAR GRAPH DISPLAY 


A tachometer can be constructed by using the 9400 in the F/V 
mode to convert the frequency information (RPM) into a 
linearly proportional voltage. This voltage is then compared 
to one of n comparators (8 in this example). When the voltage 


DISPLAY 


eames | VISIBLE 
TWO QUAD LED'S 
COMPARATORS 
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exceeds the trip point of a comparator the respective LED will 
light up and continue to stay lit as long as the voltage exceeds 
the trip point. This will give a bar graph type display with the 
height of the bar being proportional to RPM. 


TSC9400 


APPLICATION NOTE 10 


FREQUENCY/TONE DECODER 


FREQUENCY SET 


The frequency or tone to be detected is converted into a 
proportional analog voltage by the 9400 F/V converter. The 
quad comparators sense when the voltage (frequency) exceeds 
any of the four preset frequency limits. A logical ‘1’’ at any 
of the five outputs indicates that the frequency is within those 
limits. 


Fa<F 


0 F3<F<Fg 
© Fo <F<F3 


Fy<F<Fo 


O<F<Fy 


This system is useful for determining which frequency band a 
signal is in or for remote control where each frequency band 
corresponds to a different command. 


FM DEMODULATION WITH A PHASE LOCKED LOOP 


FREQUENCY 
COMPARATOR 


The high linearity of the 9400 (0.01%) is used to greatly 
improve the performance of a phase locked loop, resulting in 
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LOOP 
FILTER 


Vo 


very precise tracking of Vo with respect to Fyj. 


APPLICATIONS OF THE TSC9400 VOLTAGE TO FREQUENCY 


FREQUENCY TO VOLTAGE CONVERTER 


TSC9400 


ANALOG DATA TRANSMISSION ON DC SUPPLY LINES (TWO WIRE TRANSMITTER) 


Analog Display 


REMOTE SENSOR 


+ 
ANALOG 
INPUT 


By converting an analog voltage to a linearly proportional 
pulse train of short duration, it is possible to transmit this 
data on the same wires that are used to energize the V/F 
converter. 


The 9400 V/F shorts out the DC supply for 3us out of 
each period. At 100KHz the supply line is down 30% of the 
10us period. As the frequency is lowered the down time 
decreases so that at 1KHz the line is down only 0.3% of 
the time. 


Two precautions are necessary to assure that the system does 
not stop functioning during the shorting period. At the power 
supply end a 1.2K resistor limits the current to 10mA on a 
15V supply line. This prevents the 9400 from being operated 
beyond its output rating and at the same time it prevents the 
supply from being shorted out. At the V/F end a capacitor 


Digital Display 


| 
oe es ees ee 


FREQUENCY 
COUNTER 


porns 
_ 


is used to keep the 9400 energized while the diode keeps the 
capacitor from being discharged. 


Since the 9400 requires only 2mA of current, a 1uF capacitor 
ensures a stable voltage (the ripple is only 6mV). Since the 
3us pulses appear at the left side of the 1.2K resistor, it is 
easy to sense the signal here and convert the data back into a 
recognizable format. A frequency counter connected at this 
point will directly display the input voltage by counting 
the frequency. 


If an analog output is required, a 9400 in the F/V mode can 
be used to convert the frequency back into a voltage. The 
overall linearity is in the order of 0.03%, when both V/F and 
F/V are used. If only the V/F is used, then 0.01% linearity 
can easily be achieved. 


DIGITALLY CONTROLLED FREQUENCY SOURCE 


DIGITAL 
SIGNAL 


SOURCE 


This system generates frequencies which are controlled by a 
microprocessor counter, register, or by thumb-wheel switches. 


9400 
V/F 
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Applications for such a system include computer controlled 
test equipment and numerically controlled machine tools. 


TSC9400. 


APPLICATION NOTE 10 


WIDE FREQUENCY RANGE PULSE GENERATOR 


V+ 


FREQUENCY 
ADJUST 


The 9400 V/F is useful in the laboratory as a portable, battery 
operated low cost frequency source. The 9400 provides both 
pulse and square wave outputs. By adding an Op Amp inte- 


grator, a triangular waveform can also be generated. The 
outputs can be frequency modulated via the FM input. 


FREQUENCY MULTIPLIER/DIVIDER WITH INFINITE RESOLUTION 


Ro. 
Fout = K1K2 (ms, 4 FIN 


voltage is then applied to a 9400 V/F which generates a pro- 
portional output frequency. 


Frequency scaling can easily be performed by first converting 
the incoming frequency into a proportional DC voltage. This 
is accomplished by using the 9400 in the F/V mode. Once the 
frequency is in a voltage format it is easy to scale this voltage 
up or down by use of a single potentiometer. The resultant 


Since the potentiometer is infinitely variable, the division/ 
multiplication factor can be any number, including fractions, 
(K4 is simply VQ/F{N while Ka is Fo/ViN). 


FREQUENCY DIFFERENCE MEASUREMENT 


Frequency difference measurement is accomplished by using 
two 9400's in the F/V mode to convert both frequencies into 
two proportional analog voltages (V1 and V2). V2 is inverted 
by a unity gain inverter. Vj and —V 2 are then added by the 
summing Op Amp to give a voltage proportional to the fre- 
quency difference between F2 and Fj. 


O Vo = Ko (Fo—F4) 


Since the 9400 V/F input is actually the summing junction 
to an Op Amp, V1 and —V 9 can be summed at the 9400 
input to generate a frequency output which is proportional to 


the difference between Fj and F92. : 
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FREQUENCY TO VOLTAGE CONVERTER 


TSC9400 


CONVERTERS SIMPLIFY DESIGN OF FREQUENCY MULTIPLIER* 


By using a programmable digital-to-analog converter in com- 
bination with frequency-to-voltage and voltage-to-frequency 
converters, this circuit can multiply an input frequency by any 
number. Because it needs neither combinational logic nor a 
high-speed counter, it is more flexible than competing designs, 
uses fewer parts, and is simpler to build. 


As shown in the figure, the V/F converter, a Teledyne 9400, 
transforms the input frequency into a corresponding voltage. 
An inexpensive device, the converter requires only a few ex- 
ternal components for setting its upper operating frequency as 
high as 100 kilohertz. 


Next the signal is applied to the reference port of the DAC-03 


TELEDYNE 
9400 
FREQUENCY- 
TO-VOLTAGE 


CONVERTER 


1 12 15 
fin COMPAR- 
4 
1MQ 
sy 
100 kQ2 ‘ Stee 
ee 
20 kQ 
47 pF 
2 17 
+15V Ue 
+5V 15 


11 


MSB = MOST SIGNIFICANT BIT 
LSB = LEAST SIGNIFICANT BIT 


DAC-03 
DIGITAL- 
TO-ANALOG 
CONVERTER 


ANALOG 


d-a converter, where it is amplified by the frequency-multiplying 
factor programmed into the converter by thumbwheel switches 
or a microprocessor. The d-a converter’s output is the product 
of the analog input voltage and the digital gain factor. 


R3 sets the gain of the 741 op amp to any value, providing trim 
adjustment or a convenient way to scale the d-a converter’s 
output to a much higher or lower voltage for the final stage, a 
9400 converter that operates in the voltage-to-frequency mode. 
The 741 and R3 can also be used to set circuit gain to non- 
integer values. The V/F device then converts the input voltage 
into a proportionally higher or lower frequency. 


9400 
VOLTAGE-TO- 
FREQUENCY 
CONVERTER 


REFout 
+15V 
4 3 180 pF 
6 3 
2 
1MQ 
820 pF 
"1 
COMPARATOR IN 
R Pag 
GAIN] -5V AMPLIFIER OUT 


-_ 
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O 
W0kK2Q 4 
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2 
; er 
O 
: O 50 kQ2 
5 DIGITAL 
O07 GAIN 
6 ? FACTOR 
O | (PROGRAM- 
O 
8 
O 
2 O +5V 
10 
O 


JuUUL fouT 


Circuit uses frequency-to-voltage-to-frequency conversion, with intermediate stage of gain between conversions, for multiplying input 
frequency by any number. Digital-to-analog converter is programmed digitally, by thumbwheel switches or microprocessor, for coarse 
selection of frequency-multiplying factor; 741 provides fine gain, enables choice of non-integer multiplication values. 


*Reprinted with permission from Electronics, October 12, 1978; Copyright © Mc-Graw-Hill, Inc., 1978. All rights reserved. 
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“© TELEDYNE 
SEMICONDUCTOR 


DIGITAL METER APPLICATIONS 
INCLUDING KIT ASSEMBLY 
INSTRUCTIONS 


Instructions for the LCD and LED Kits 


Two kits are offered; the TSC7106 EV/Kit and the TSC7107 
EV/Kit. Each kit contains the appropriate IC, a circuit board, 
a display (_CD/TSC7106, LED/TSC7107), passive compo- 
nents and miscellaneous hardware. 


DISPLAY 


4 TSC7106 


10 


DISPLAY 


Figure 1: TSC7106 with Liquid Crystal Display 


The TSC7106 and TSC7107 contain all the acive circuitry for 
a 3-1/2 digit panel meter on a single chip. The TSC7106 is 
designed to interface with a liquid crystal display (LCD), 
while the TSC7107 is intended for the light-emitting diode 
(LED) display. Both circuits contain BCD to seven segment 
decoders, display drivers, aclock and areference. To builda 
high-performance panel meter, (with auto-zero and auto 
polarity features) it is only necessary to add a display, four 
resistors, four capacitors, and an input filter if required. 


30 


oa. TSC7107 


Figure 2: TSC7107 with LED Display 


TSC7106/7107 


APPLICATION 
NOTE 11 


The circuit board layouts and assembly drawings are shown 
in Figure 17 (TSC7106) and Figure 18 (TSC7107). Pin strips 
are used to provide alow-cost socket. One IC board can thus 
be used to evaluate several IC’s. Solder terminals are pro- 
vided for the first five test points and for the+ 5 V input on the 
TSC7107 kit. A provision has been made for separating REF 
LO from COMMON when using an external reference zener. 
Provision has also been made for connecting an. external 
clock. A value of 150 ohms is used for decimal point 
(TSC7107 EV/Kit). 


Liquid Crystal Display (TSC7106) 


The TSC7106 generates the symmetrical square wave to the 
back plane (B.P.) internally. The user should generate the 
decimal point from the plane drive by inverting the B.P. (pin 
21) output. 


In some displays, a satisfactory decimal point can be 
achieved by tying the decimal plane to COMMON (pin 32). 
This pin is internally regulated at about 2.8 volts below V*. 
Prolonged use of this technique, however, may permanently 
burn-in the decimal, because COMMON is not exactly mid- 
way between B.P. high and B.P. low. In applications where 
the decimal point remains fixed, a simple MOS inverter can 
be used (Figure 3). For instruments where the decimal point 


“4"~ 5 TO LCD 
TSC7 106 


DECIMAL POINT 


5 TO LCD 
BACK PLANE 


“~~ DECIMAL 


POINT 
TSC7 106 SELECT 


DECIMAL 


) > POINTS 
' 


| 


Figure 4: Exclusive ‘OR’ Gate for Decimal Point Drive 
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TSC7106 
TSC7107 


must be shifted, a quad exclusive OR gate is recommended 
(Figure 4). Note thatin both instances, TEST (pin 37, TP1) is 
used as V™ for the inverters. This pin is capable of sinking 
about 1 mA and is approximately 5 volts below vt. The B.P. 
output (pin 21) oscillates between Vt and TEST. | 


Light Emitting Diode Display (TSC7107) 


The TSC7107 will sink 8 mA per segment. This drive pro- 
duces abright display suitable for most applications. A fixed 
decimal point can be turned on by tying the appropriate 
cathode to ground through a.150 ohm resistor. The circuit 
boards supplied with the kits will accommodate either HP 0.3 
displays or the MAN 3700 types. Note that the HP has the 
decimal point cathode on pin 6, whereas the MAN 3700 has 
the decimal point cathode on pin 9. Not all the decimal points 
are brought out to jumper pads. It may be necessary to wire 
directly from the 150 ohm resistor to the display. For multiple 
range instruments, a 7400 series CMOS quad gate should be 
used. 


Full-Scale Readings 
200 mV Full-Scale — The kits have been optimized for 200 


mV Full-Scale. The component values suppued are those 
| specified in Piguiee 1 and 2. 


2,000 V Full-Scale — The component values in Table 1 


change the integrator time constant and reference and the ~ 


auto-zero Capacitor time constant. These extra components 
are not supplied in the kits. In addition, the decimal point 
jumper should be changed so that the display reads 1.999. 


_ Table 1: Component Values for Full Scale Options 


| Component 200.0 mV 2.000 V 
(Type) Full Scale | Full Scale 


Co(mylar) | 0.47 nF 047 pF 
Ri 24K 1.5KO"* 
Reo 47KO, 470KO, 


“Changing Ri to 1.5KO will reduce the battery life 
of the 7106 kit. As an alternative, the potentiometer 
can be changed to 25KN. 


Clock 


Setting the clock oscillator at precisely 48 kHz will result in 
the optimum line frequency (60 Hz) noise rejection (Figure 
5). Since the integration period is an integral number of the 
line frequency period, the RC oscillator supplied in the kit 
runs at approximately 48 kHz giving a measurement fre- 
"quency of three readings per second. Countries with 50 Hz 
_ line frequencies should set the clock to 40 kHz by increasing 
the value of the 100 k ohm resistor across pins 39 and 40 to 
120 k ohms. 


An external clock can also be used. In the TSC7106, the 
internal logic is referenced to TEST. External clock wave- 
forms should therefore swing between TEST and V* (Figure 


_ APPLICATION NOTE 11 


6A). In the TSC7107, the internal logic is referenced to GND 
so any generator whose output swings from ground to +5V 
will work well, (Figure 6b). 


TSC7106/7107 


TEST 


"~ ~~ 


TSC7106 TSC7107 


a) 7106 : -b) 7107 


Figure 6: External Clock Options 


Capacitors | 


The dual slope technique cancels the effects of long term 
stability and temperature coefficient. The integration capaci- 
tor should have low dielectric loss. Inexpensive polyprope- 
lene capacitors have the low dielectric loss characteristics 
and are recommended. Mylar capacitors may be used for C1 
(reference) and C2 (auto-zero). 


Reference 


The voltage between V* and COMMON is internally regu- 
lated at about 2.8 volts. This reference is adequate for many 
applications. For improved performance use TSC7106A/- 
7107A devices. 


For 200 mV Full-Scale, the voltage applied between REF HI 
and REF LO should be set at about 100 mV. For 2.000 V 
Full-Scale, set the reference voltage at 1.0.V. The reference 
inputs are floating, and the only restriction on the applied 
voltage is that it should lie in the range V" to V*. For calibra- 
tion, place 190.0 mV on input and adjust REF pot (R,) for 
1900 readout. 


For greater temperature stability, an external reference can 
be added as shown in Figures 7a and 7b. 
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vr 


mae 


TSC7106/6107 


REFERENCE 


Figure 7: Using an External Reference 


Power Supplies 


The TSC7106 kit is intended to be operated from a 9 V 
battery. INPUT LO is shorted to COMMON, causing V to sit 
at 2.8 volts positive with respect to INPUT LO, and V’ at 6.2 
volts negative with respect to INPUT LO. 


The TSC7107 kit should be operated from +5 volts. Noisy 
supplies should be bypassed with 6.8 uF tantalum capacitors 
to ground at the point where the supplies enter the board. 


If a-5 volt supply is unavailable, a suitable negative rail can 
be generated locally using the circuit shown in Figure 8. 


Figure 8: Generating Negative Supply from +5 V 


Input Filters 


With the leakage current in the order of 1 pA at 25°C, high 
impedance passive filters may be used. The RC filter used in 
the evaluation kits (1 megohm — 0.01 uF) introduces a neg- 
ligible 1 uV error. 


Sources of Supply 


The following list of suppliers is intended to help with the 
development of production meters. It should not be inter- 
preted as acomprehensive list of suppliers, nor does it con- 
stitute an endorsement by Teledyne Semiconductor: 


Suppliers of LCD’s 


1. Hamlin Inc., WI (414) 648-2361 

2. Crystalloid Electronics, OH (216) 688-1180 

3. Printed Circuits Integrated, CA (408) 733-4603 
4. IEE Inc., CA (213) 787-0311 
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Suppliers of LED’s 


1. AND, CA (415) 347-9916 

2. Litronix Inc., CA (408) 257-7910 

3. Hewlett-Packard, CA (415) 493-1212 

4. General Instruments, CA (415) 493-0400 


Suppliers of Polypropelene Capacitors 


1. Plessey Capacitors, CA (213) 889-4120 

2. IMB Electronic Products, CA (213) 921-3407 
3. Elcap Electronics, CA (714) 979-4400 

4. TRW Capacitors, NB (308) 284-361 1 


Preliminary Tests 


1. Solder flux or other impurities on PC boards may cause 
leakage paths between IC pins and board traces, reduc- 
ing performance. Rubbing alcohol or another appropriate 
cleaning agent should be used to remove impurities. 


2. In order to insure that unused segments on the LCD 
displays do not turn on, tie them to the Back Plane pin (pin 
22). 

3. Auto-Zero — With the inputs shorted the display should 
read zero. The negative sign will be on about one haif of 
the time, showing the input to be exactly zero volts. 

4. Polarity — A negative sign indicates a negative reading. 
No sign indicates a positive reading. 

5. Overrange — For inputs greater than Full-Scale, only 1 or 
-1 will be displayed. The three least significant digits will 
be suppressed. 


6. Calibration — The instrument should be calibrated at 
1900 counts by using a high-quality 4 1/2 digit DVM. 


Applications 
Input Attenuator 
There are times it is desirable to have full scale readings 
other than 199.9 mV or 1.999 V. To measure voltages greater 
than 2V, an input attenuator is needed as shown in Figure 9. 
The Full-Scale sensitivity is given by: 

Ro 
(R, + Ro) 


It is important that R, and R, remain fixed for the calibration 
period of the instrument. Metal film resistors with good long- 
term drift characteristics, and low temperature coefficients 
are recommended. 


Vin (Full-Scale) = 1.999 V,-- x 


The input attenuator reduces the input resistance of the 
circuit from >1012 ohms to (R,; + Ro). This places an upper 
limit of about 10 megohms on the input resistance that can 
readily be achieved when using an attenuator before the A/D 
input current causes offset errors. 


To measure Full-Scale voltage less than 199.9 mV, an opera- 


tional amplifier is used prior to the TSC7106/7 inputs. Note 
that the auto-zero circuitry within the IC can not take care of 
the op amp offset or voltage drift. For this reason the use of a 
low power low offset Op Amp such as the TSC900 is recom- 
mended. 


TSC7106 
TSC7107 


Figure 10 shows a circuit with +20 mV Full-Scale and an 
input resistance greater than 10 megohms. 


For scale factors between 100 mV and 1 mV per least signifi- 
cant digit (LSD), simply determine the reference voltage 
required for the following equation: 


Ver = (Voltage Change represented by one LSD) x 108 


For scale factors greater than 1 mV/LSD, the most straight 
forward approach is to use an input attenuator in conjunc- 
tion with a 1 volt reference. 7 


D 
{ 

$s 
Pp 
L 
A 
Y 


90002| 
l ’ TSC7106/7107 


| EVALUATION KIT 
| “(Wrer = 100mv) 


Figure 10: 


AC Voltage Measurements 


It is necessary to build an AC to DC converter to measure AC 
voltages with the TSC7106/7. Figure 11 shows a circuit used 
extensively in commercial 3 1/2 digit DVM’s. The circuit 
responds to the average value of the sinusoidal waveform 
and assumes low distortion. It has 10 megohms input impe- 
dance, 20 Hz to 5 kHz bandwidth, and is AC coupled to the kit 
introducing to DC errors. 


Multi-Range DVM’s 


_ Two schemes commonly used are shown in Figures 12a and 
12b. The circuit of Figure 12a has the advantage that any 
switch contact resistance appears in series with the 
TSC7106/7 input resistance. Since the input resistance is 
>1012 ohms, errors due to the switch are negligible. Preci- 
sion voltage attenuators (R, through Rs) are available froma 
number of manufacturers. Allen Bradley, for example, makes 
a thin film network which contains 1 k, 9k, 90k, 900 k and9M 


APPLICATION NOTE 11 


resistors in one package (FN207) — ideal for a five range 
voltmeter. However, it is less expensive to use medium preci- 
sion resistors in series with potentiometers for the attenua- 
tor. Then the schematic of Figure 12b has. some of the advan-- 


‘tages because the resistors in the attenuator are non- 


interactive. It is also more amenabie to solid state range 
switching. An analog switch or FETs may be used in place of 
the mechanical switch. Then, by adding a couple of zener 
diodes (or ordinary silicon diodes in the case of a200 mV FS. 
panel meter) the solid state switch is totally protected 
against overvoltages. By contrast, the configuration of Fig- 
ure 12a exposes the switch to the full-input voltage, which 
may be several hundred volts. However, in Figure 12b the 
switch resistance forms part of the attenuator and could 
contribute an error. 


Resistance Measurements 


The ratiometric technique is:used. The unknown resistance 
is put in series with a known standard and a current passed 
through the pair. The voltage developed across the unknown 


is applied to the input (between IN HI and IN LO), and the 


voltage across the known resistor applied to the reference 
input (REF HI and REF LO). If the unknown equals the stand- 
ard, the display will read 1000. The displayed reading can be 
determined from the following expression: 


Displayed Reading = RUnknown x 1000 


R Standard — 


Figure 13 shows atypical measurement circuit. Note that due 
to its ratiometric nature, the technique does not require an 
accurately defined reference voltage. The display will over- 
range for R Unknown 22 x R Standard. 


_ Current Measurements 


The use of a:shunt resistor converts the current to a voltage. 
The relationship between the current and the displayed read- 
ing for the circuit of Figure 14 is found by: 


lnwx Ry 


Displayed Reading = | x 1000 
. | Ver 

When measuring current the 199.9 mV scale is used. This 
limits the voltage drop to 100 wV per count. A multi-range 
current meter circuit is shown in Figure 15. Note that 
although the input current passes through the selector 
switch, IR drops across the switch do not contribute to the 
measured voltage. 


Temperature Measurements 


A diode connected transistor may be used as the tempera- 
ture sensing element. V,- has a temperature coefficient of 
-2.1 mV/°C. A scale factor of 0.1°C/count may be ontalngs 
by setting the reference at 210 mV. 


At 0°C and 100uA bias current, the diode connected trans- 
istor will have a forward voltage drop of approximately 550 


_ mV. A fixed 500 mV source is set up to offset the diode drop. 


In the circuit of Figure 16, adjust R5 to give 000.0 output 
reading with Q1 at0°C. Then adjust for R4 fora 100. 0 Peeging 
with Q1 at 100°C. 
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DIGITAL METER APPLICATIONS TSC7106 
INCLUDING KIT ASSEMBLY INSTRUCTIONS == TSC 7107 


100k82 


KIT 
{(Vrer = 100mV) 


470k22 IN HI 


GND* = IN THE ABSENCE OF SPLIT SUPPLY OPERATION, 
“TEST” (PIN 37) CAN BE USED AS GROUND. 


200mvV F.S. 


EVALUATION KIT VOLTAGE ACROSS 
| (Vrer = 100mV) STANDARD 
} IN Ht REF HI 
O \ 
i \\ 
VOLTAGE ACROSS \\ 
UNKNOWN 


| 
| 
| 
| 
| 
2000V F.S. R unknown 


*CAUTION 

HIGH VOLTAGES CAN BE LETHAL. PROPER OPERATING PRECAUTIONS MUST BE 
OBSERVED BY THE USER. TELEDYNE ASSUMES NO LIABILITY FOR UNSAFE 
OPERATION. 


Figure 13: Resistance Measurement* 
Figure 12a: Multirange Voltmeter (“Requires some modification to the kit) 


EVALUATION KIT 


EVALUATION KIT 
(Veer = 100mvV) 


Figure 12b: Multirange Voltmeter, Alternative Scheme Figure 14: Current Measurement 
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TSC7107 


APPLICATION NOTE 11 


EVALUATION KIT 
(Veer = 100mvV) 


' 200uA F.S. 


Figure 15: Multirange Current Meter 


DISPLAY 


SILICON (2N4124) 
FOR EXAMPLE 


SCALE FACTOR ZERO 
ADJUST ADJUST 


Figure 16: Digital Thermometer* | 
(“Requires some modification to the kit) 


7106 (LCD) 7107 (LED) 


vc 407] OSc 1 
D1 2 391) OSC 2 
C1 3 38 [J OSC 3 
B1 4 37 LJ TEST 
(UNITS) Al 5 LJ REF HI 
F1 C6 r) REF LO 
G1 7 a C’rer 
E1Lj8 ) Cree 
D2 9 _} COMMON 
C2 10 CJ IN HI 
B2 11 LIINLO 
(TENS) A2 F) A/z 
F2 |] BUFF 
; E2 J INT 
D3 2 
7 B3 \J G2 (TENS) 
(100 at F3 F} C3 
E3 r} A3 + (100’s) 
(1000) AB4 C1 G3 
POL [1 BP/GND _ 
(MINUS) (7106) (7107) 


Pin Configuration 
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DIGITAL METER APPLICATIONS TSC/1 06 
INCLUDING KIT ASSEMBLY INSTRUCTIONS =—s/§- = TSC/ 107 


& 
~ 


ACTUAL SIZE NOT SHOWN 


LEGEND: 
C1 0.1 Mf R1 24K 1/4W 5% 
C2 0.47Mf R2 47K 1/4W 5% 
C3 0.22 Mf R3 100K 1/4W 5% 
C4 100 pf R4 1K POT 
C5 0.01 Mf R5 1M 1/4W 5% 


SNAGA TAL 


1aW JANVd JVLISIG G27 9012 


ACTUAL SIZE NOT SHOWN 


Figure 17: TSC7106 — Circuit Board Layout and Component Placement 
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TSC7107 LED DPM 


ACTUAL SIZE NOT SHOWN 


LEGEND 
C1 0.1 Mf Rt 24K 1/4W 5% 
C2 0.47Mf R2 47K 1/4W 5% 
C3 0.22 Mf R3 100K 1/4W 5% 
C4 100 pf R4 1K POT 
C5 0.01 Mf R5 1M 1/4W 5% 


R6 1500 1/4W 5% 


LOLZOSL 


Y3LIW TANVd IWLISIG G31 4012 
YOLONGNOOINES SANACA TAL 


ACTUAL SIZE NOT SHOWN 


Figure 18: TSC7107 — Circuit Board Layout and Component Placement - 
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A SINGLE IC DIGITAL THERMOCOUPLE 


THERMOMETER USING THE TSC7106 


By Al Kadis 


Due to the extremely low input noise characteristics of the 
TSC7106/7107, the user may build a digital thermocouple 
thermometer with only one active component and fifteen 
passive components. With this circuit, both type J and type K 
thermocouples may be used. The type J will measure over 
the temperature range of 10 to 530°C with a conformity of 
+2°C. The type K will measure over a temperature range of 
0°C to 1000°C with a conformity of +3°C. 


In operation, the TSC7106 provides all A/D functions includ- 
ing seven segment decoder, display drive, reference, and a 
clock. True differential low noise input allows the bridge 
circuit shown in Figure 2 with no other active components. 
This circuit will give a three month life when operated froma 
normal alkaline 9 volt battery. 


The circuit using a type J thermocouple will be discussed 
here. (The circuit for the type K thermocouple is similar 
except for the changing of component values and the 
replacement of the type J thermocouple with type K). The 
extremely low noise front-end of the TSC7106/7107 allows the 
IC to operate reliably at one-half its minimum reference volt- 
age specifications, approximately 50 microvoits per count. 


A thermocouple is made by the junction of two dissimilar 
metals. Figure 1 shows the type J (iron and constantan) 
thermocouple in a temperature measuring mode. 


CONSTANTAN 


Figure 1. 


A voltage is generated as a function of the difference in 
temperature between the two iron — constantan thermo- 
couples — TC 1 and TC 2. If TC 1 is kept at a constant 
temperature (such as the freezing temperature of water), the 
voltage generated as a function of temperature of TC 2 is 
displayed in the normal type J thermocouple charts. The 
sensitivity at room temperature is approximately 50.4 uV/°C. 


Figure 2 shows the circuit for a portable battery operated 
thermocouple thermometer using the TSC7106. The circuit 
uses six components in addition to those required for the 
standard TSC7106 circuitry. The TSC7106 is designed for 
normal 200 mV operation. Then the reference voltage is 
readjusted to 50.4 mV which corresponds to 1,000 times the 
one degree sensitivity of the type J thermocouple. 


__TSC7106 
APPLICATION 
NOTE 12 


REFERENCE 
JUNCTION 


THERMOCOUPLE 
SENSOR 


DISPLAY 


a) TSC7106 


10 


DISPLAY 


Figure 2. 


Since the thermocouple reference can not be easily main- 
tained at a constant temperature, a circuit is used which 
provides a voltage that changes with temperature in an equal 
and opposite manner to the thermocouple. When combined 
with the thermocouple this has the effect of simulating the 
reference at a constant temperature over the normal ambient. 


MILLIVOLT 
SOURCE 


DIGITAL 
THERMOMETER 


THERMOCOUPLE 


ICE WATER 
BATH 


Figure 3. 
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A SINGLE IC DIGITAL THERMOCOUPLE 
THERMOMETER USING THE TSC7106 


The circuit generating the compensating voltage is com- 
posed of Qi, R6 and R7. Q1 may be any small signal 
transistor. 


A voltage equal and opposite to that generated by the ther- 
mocouple occurs as follows: Q1 base and collector leads are 
tied together allowing Q1 to operate as a diode. In this mode, 
the forward voltage drop of the diode connected transistor is 
-2.1 millivolts per degree centegrade. R7 is returned to the 
TSC7106 reference. The junction of R6 and R7 will vary by 
the ratio of 


720 


2.4mvV/°C = 50.4 pV/°C. 


One end of the thermocouple is attached to this point. The 
thermocouple reference and the transistor should be ther- 
mally bonded. In this manner, temperature changes of the 


- TSC7106 


thermocouple will be compensated by the transistor and 


resistor divider R6 and R7. R8, R9 and R10 form the other leg 
of a bridge. The 200 pot (RQ) center arm is fed to the 
negative or reference section of the input amplifier. The 
thermocouple output is fed to the positive section. 


Calibration is accomplished by the use of an ice water bath 
and millivolt source as shown in Figure 3. The ice water bath 
is used as a O°C reference. The millivolt source is used to 
simulate thermocouple temperature over the range of 10 to 
530° C. RQ is used for zero adjustment and R4 is used for 


‘full-scale. The thermocouple temperature curve is calibrated 


for best accuracy over the user’s temperature range. Type K 
thermocouple is fabricated in a similar manner by changing 
the thermocouple type and resistor values and readjusting 0 
and full-scale. The TSC7107 may also be used as a labora- 
tory thermometer with similar circuitry. - 
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“i TELEDYNE 
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TSC7135 MICROPROCESSOR 
INTERFACE 


By Wes Freeman 


Many data acquisition systems require both a visual display 
and a computer interface. The TSC7135 from Teledyne Semi- 
conductor is a 4-1/2 digit Analog-to-Digital converter (ADC) 
which can easily provide both of these functions. The 
TSC7135’s multiplexed BCD outputs interface easily to low 
cost LED or LCD decoder/drivers, such as the TSC7211A 
(LCD) and TSC7212A (LED) or TSC700A (high-current LED). 
Also, the TSC7135’s data outputs simplify computer inter- 
facing. 


This application note will present both the hardware and soft- 
ware required to interface the TSC7135 to a microprocessor. 
The circuit was developed for a 6502 uP and 6522 1/O port, 
but the design can easily be modified for other uPs and |/O 
ports. 


The TSC7135 has several features which make it an attractive 
choice for data acquisition where speed is not an overriding 
consideration. The analog features include: 


@ High resolution ............. eee eee ee eee 20,000 counts 
® High accuracy ......... cece eee cece ee eee + 1 count 
@® Low roll-over error ........ cece eee eee + 1 count 
e 


Valid polarity at 000 reading (the + and - zero states give 
an extra bit of resolution) 

® Negligible zero drift - definitely not the case with a bipolar 
DAC/SAR type ADC 


Timing Relationship Between TSC7135 
Outputs 


TSC7135 
OUTPUTS 
BUSY [™. 
* 
B1 - B8 
D5 (MSD) D4 D3 D2 D1 (LSD) D5 
DATA DATA DATA DATA DATA DATA 


STROBE 


END OF CONVERSION 


NOTE ABSENCE 
OF STROB 


200 
COUNTS 


D5 <— 201 —> 200 —> 


COUNTS COUNTS 


COUNTS 


D3 a 200 | 


COUNTS 


D2 z 200 _ | 


COUNTS 


Lapel 
D1 COUNTS 


* Delay between BUSY going low and first STROBE 
pulse is dependent on analog input. 


Figure 1 
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APPLICATION 
NOTE 16 


® The dual-slope conversion method rejects 50 Hz, 60 Hz, 
and 400 Hz noise. 

@ The ratiometric reference and differential inputs provide 
flexible transducer interfacing. 


The TSC7135 also has features that simplify system design: 


@ Easy pP Interfacing 

@ Overrange and underrange flags for autoranging and pro- 
cess control decisions 

@ Operation from + 5 V supplies, with only 10 mW typical 
power dissipation 

@® TTL compatible outputs (1.6 mA sink current) 

The TSC7135 provides output signals which, together with 

one port of an LSI I/O chip, simplify a microprocessor inter- 

face. The relationship between the various TSC7135 outputs 

is shown in Figure 1. The specific function of these outputs 

are as follows: 


TSC7135 
© B1-B8 


Pin Function 


BCD coded data is output on the B1-B8 
pins. 

Digit Select 5 (most significant digit) 
through Digit Select 1 (least significant) go 
high as data on B1-B8 becomes valid for 
that digit. 

For the first digit scan after a conversion 
STROBE goes Iow (for 1/2 clock period) in 
the middle of each digit strobe. After five 
pulses, STROBE stays high until the next 
conversion is complete. 

BUSY is high while the TSC7135 is in Inte- 
grate or Deintegrate phases of a conversion. 
The falling of BUSY can, therefore, be used 
as an end of conversion signal. 

POLARITY is high if the analog input 
polarity is positive. 

OVERRANGE goes high if the analog input 
is greater than full scale (reading > 20,000), 
while UNDERRANGE goes high if the read- 
ing is 1,800 or less. 


@ DS5-DS1 


® STROBE 


@ BUSY 


@ POL 


© OR 


@ UR 


The TSC7135 also has a RUN/HOLD input. If RUN/HOLD is 
held low, the converter will remain in the auto-zero phase. A 
new conversion will not begin until RUN/HOLD goes high. 


This input can be used to generate conversions on command. 47 
17 
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Interface Hardware 


The complete TSC7135 to SYP6522 interface schematic is 
shown in Fiqure 2. BCD data, POL, OR, UR, and DS5 are con- 
nected to the 6522’s PAO through PA7 inputs. The TSC7135’s 
STROBE output interrupts the microprocessor via the 6522's 
CA1 interrupt. RUN/HOLD can be controlled by program- 
ming CA2 as an output. 


At first glance, the circuit may appear incomplete because 
digit selects DS4 through DS1 are not connected. However, 
DS5 is the only digit select required. As mentioned previously, 
there are only 5 STROBE pulses per conversion cycle, with the 
first STROBE occurring during DSS. The uP decodes the 
logical “AND” of DS5 and STROBE ee STROBE) as a 
conversion complete signal. 


If the uP finds (DS - STROBE) true upon responding to an 
interrupt, an “end of conversion” is assumed and assembling 
of BCD data from the TSC7135 begins. Each of the next four 
interrupts will provide another BCD digit. The uP counts inter- 
rupts in a register and stores the corresponding BCD data in 
successive memory locations. After five STROBE pulses, all 
BCD data has been transferred to the uP and conversion is 
complete. 


One constraint of this interface method is that the uP must 
respond to each digit’s interrupt before the next digit becomes 
valid. The 6522's CA1 input can be programmed to latch data 
into Port A, as well as provide an interrupt to the uP. Since 
latched data remains valid until the next STROBE pulse, the uP 
has the full interval between STROBE pulses to service each 
interrupt. STROBE pulses are 200 clock cycles apart. A 


TSC7135 to 6502 uP Interface Schematic 


TSC9491 


an REF IN 


COMMON 
100k 9.1 ufd 1 
+INPUT 


ANALOG INPUT , 
ear : —INPUT 
REF CAP~ 
REF CAP+ STROBE 
INT OUT RUN/HOLD 
AzAN 
"BUFF OUT 
ae 


TSC7135 


CLOCK INPUT 
f = 120 kHz 


Figure 2 
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TSC7135 clock frequency of 100 kHz will allow the uP two 
milliseconds (10 usec x 200 clock cycles) to respond to each 
interrupt without losing data. 


Interface Software 


Software for the TSC7135 to 6502 interface can be divided 
into three routines: (1) Programming the 6522’s Port A for 
latched input and interrupt from pin CA1; (2) the interrupt 
service routine which actually acquires and stores BCD data 
from the TSC7135; (3) display or manipulation of the ac- 
quired data. Figure 3 is a 6502 assembly language listing of 
the first two routines. An interrupt service routine flow chart 
is shown in Figure 4. Since the end of a digit scan leaves 5 
digits of BCD data in successive memory locations, the user 
will find the interface software easy to incorporate into a speci- 
fic display or manipulation. routine. 


The 6522 I/O port must be programmed before data can be 
received from the TSC7135. The code in Figure 3, beginning 
at location “SET-UP”, writes data into the 6522’s control regis- 
ters to enable the following functions: (1) Port A will be a 
latched input, controlled by input CA1; (2) CA2 will.be an 
output, programmed high (TSC7135 in “RUN” mode); (3) In- 
terrupt enabled on the falling edge of CA1. The function of 
data written to each 6522 register is defined in Figure 5. 


When programmed for interrupt operation, the 6522 will pull 
its IRQ output low on the falling edge of each STROBE pulse 
from the TSC7135. Assuming interrupts are enabled, IRQ 
going low will cause the 6502 uP to load the address of an 
interrupt service routine from memory locations FFFE and 


6502 uP BUS 


DATA BUS 


ADDRESS 
BUS 


CONTROL 
ADDRESS 
¢s2. DECODER 


TSC7135 MICROPROCESSOR 
INTERFACE 


FFFF. This routine will typically identify the interrupting 
device, determine its priority and jump to a program to service 
the interrupt. The user must provide software to vector inter- 
rupts coming from the TSC7 135 to the service routine located 
at location “INTVEC” of Figure 3. The TSC7135 - 6522 hard- 
ware can accommodate interrupt service delays of up to two 
msec, so a relatively low-priority interrupt status can be used. 


6502 - Assembly Language Listing 


: TSC7135 INTERFACE TO A 6502 MICROPROCESSOR 
; USING A 6522 I/O PORT 


; RESULTS ARE STORED IN 5 BYTES OF ZERO-PAGE 
MEMURY, BEGINNING AT LOCATION "DIGSTOR" 
(MOST SIGNIFICANT DIGIT FIRST) 


; USER MUST PROVIDE INTERRUPT VECTOR FROM 
THE 6522'S CAl INTERRUPT TO A ROUTINE 
AT “INTVEC" 


OA8U0 +ADDRESS OF 6522 I/O PORT 
D ;ADDR OF 6522 SET UP ROUTINE 


UP 

;SET PORT A FOR 
RT+0B;LATCHED INPUT 

7;CAl=INT ON_NEG EDGE 
RT+0C;CA2=HIGH (7135 IN “RUN" MODE) 
SuORe ee CAl INTERRUPT 

¢ 

NPRG ;I/O PORT SETUP Re Sue bi Oe 


; JUMP TO OPERATING SYST 
3; TO MAIN PROGRAM 


8 
T 
1 
p 
E 
p 
8 
e 
I 


tte steHdet) © 
BPOCOSCOOR NV 


;BEGIN INTERRUPT SERVICE ROUTINE 


7SAVE X_ REGISTER 
7;SAVE RESULTS HERE 
76522'S CAl INTERRUPT ROUTINE 


NXTDIG 


; HE NEXT DI 

32 DIGITS COMPLETES ONE SCAN 
;CONVERSION COMPLETE, PROCESS 

7;OR DISPLAY DATA 

;THE 'DONE' ROUTINE MUST END WITH 'RTI' 
;RETURN IF NOT COMPLETE 


8 
8, 
0 
I 
I 
N 
9) 
0 
# 
x 
x 
D 
xX 
# 
D 


OVRANG ;SET DIGIT COUNTER SO THAT DIGITS 
S ; WILL NOT OVERFLOW ZERO PAGE MEM 
7; IF REQUIRED, USER PROGRAM FOR 
; SERVICING O@vERRANGE GOES HERE 
;AND RETURN 


Figure 3 


Once the 6522’s interrupt has been recognized and vectored 
to location “INTVEC”, a read of Port A loads the TSC7135 
data into the 6502 accumulator. Reading Port A also sets the 
uP’s status flags and resets the 6522’s interrupt flag. 


The uP now tests whether the accumulator contains the 
TSC7135’s most significant digit by testing for DS5 being 
high. Connecting DS5 to PA7 (MSB) of the I/O port allows 
testing DS5 with a single branch on plus instruction. 


if DS5 is high, this data signals the beginning of a newdisplay 
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scan (i.e., an end of conversion has occurred.) The uP zeros 
its X index register, which will be used both to countthe digits 
and to provide an offset for storing each digit in zero page 
memory. Register X is also stored in zero page memory at 
location XSTOR, since its contents will probably be lost upon 
returning from interrupt. 


An early indication of an overrange condition can be ob- 
tained at this time. A bit mask, stored in memory, is used to 
test forthe TSC 7135's OVERRANGE output. If OR is high, the 
program branches to an error routine. An alternative for over- 
range testing is to wait until all digits have been scanned and 
then test bit 4 of any digit. 


TSC7135 to 6502 uP Interface Program 
Flow Chart 


Is This The 
Most Significant 
Digit (MSD) ? 


is Analog 
Input Overranged 


Set Digit Pointer 
To Zero 


Store Digit 
increment Digit 
Pointer 


Pointer = 5? 


Yes Return From Interrupt 


Conversion Complete 
Process Data And/Or 
Display Result 


Return From Interrupt 


Figure 4 


TSC7135 


If DS5 is not high, or after register X is zeroed, program execu- 
tion proceeds to location “NXTDIG’”. The BCD data is stored in 
zero page memory, beginning at location “DIGSTOR” and 
indexed by register X. After each digit is stored, register X is 
incremented and compared to five. If register X equals five, the 
digit scan is complete and data can be processed or displayed. 


6522 I/O Port Control Register Functions 


AUXILLARY CONTROL 
REG. (ADDRESS = 0B) 


PERIPHERAL CONTROL 
REG. (ADDRESS = 0C) 


INTERRUPT ENABLE 
REG. (ADDRESS = OE) 


NOTE: “X" = DON'T CARE 


APPLICATION NOTE 16 


Register X less than five indicates the digit scan is not com- 
plete, so an RTI instruction returns operation to the main 
program to await another digit strobe. Other programs can use 
memory location XSTOR as a “Data Valid” indication: if 
XSTOR = 5, then 5 consecutive memory locations begining at 
DIGSTOR contain the results of the latest TSC7135 conver- 
sion. 


TXT XTX TXT XT 00 


D7 DO 
ix | xix] x x 


1’ = ENABLES 
GA POLoR 


po INPUT 


Tex txT 1 1110 }- = OF (HEX) 


"0" eT ERA Eo 
EGATIVE EDGE 


"0" = CA2 2 LOW {ee 
1" = CA2 HIGH (7135 
= "RUN”) 


“11 = ENABLES CA2 AS OUTPUT 


OLOTOLO LOTT LO] semen 


ink SET INTERRUPT ENABLE RI ENABLE CA1 


INTERRUPT 
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SIMPLIFY A/D CONVERTER 
INTERFACE WITH SOFTWARE 


By Gary Grandbois & Wes Freeman 


Integrating ADCs featuring BCD outputs for display inter- 
face offer a number of excellent features as well as high reso- 
lution at a very low cost. These advantages which include 
auto-zeroing, sign-magnitude coding, noise averaging and 
high impedance inputs are also attractive for microprocessor 
based systems. Unfortunately many of the display-oriented 
A/D converters are difficult to interface due to the multi- 
plexed BCD format of the outputs. An exception to this 
problem is the 4 1/2 digit TSC7135 ADC which provides a 
“strobe” output. 


This output allows the number of I/O port pins required to 
interface a 4 1/2 digit analog to digital converter chip to a 
microprocessor to be reduced from 15 lines (see ref.) to only 
10 lines by counting the digit strobes in a software register. 
Besides freeing I/O pins for other applications, this method 
also results in slightly faster interrupt response because the 
uP does not have to loop while identifying each digit. Al- 
though the hardware and software shown are designed for 
the 8080, 8085 or Z-80, the same method can be applied to 
6502 or 6800 I/O devices. 


afuo 
Din 


ANALOG 
INPUT @ 


o 


NM p— Frm fr [Tr 

NM 1ojyo iw 
a> |O [wo fo] S 
WQ InN [DW Jo |o 


STROBE 
RUN/ 


HOLD 


““~ 


TSC7135 


f = 100 kHz 


Pa >> > 
10K 100 K 


Figure 1: TSC7135 to 1/O Port Interface 
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Interface Hardware 


The complete TSC7135 to 18255A hardware interface is 
shown in Figure 1. The only digit strobe used is DS5 (the 
MSD), and the BUSY output is ignored. To understand why 
the other digit strobes are not required refer to the TSC7135 
output timing diagram in Figure 2. The STROBE output goes 
low five times per conversion cycle. The first STROBE pulse 
occurs in the middle of DS5, when BCD data for the most sig- 
nificant digit is available on outputs B1-B8. STROBE also 
pulses LOW during the following DS4 through DS1 signals, 
after which STROBE remains high until the next conversion 
cycle. Therefore, only one STROBE pulse occurs for each 
digit select, and each STROBE corresponds toa BCD digit in 
MSD to LSD order. To read the A/D converter’s data the uP 
simply reads BCD data during each STROBE pulse and 
stores that data in memory locations that correspond to the 
number of STROBE pulses received. 


8228/8238 
BUS 
CONTROLLER 


wo 
e~ 


DO 
D1 
D2 
D3 


Nm [wo 


O1ow WO IM ITM tr Tw Jo Fw fw 
a ao N 10 | oO 


= 


= 


ba 
D5 
D6 
D7 


> 
oS 
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DECODE 


8080 up 
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E 


INTERRUPT 


18255A 


TSC7135__ 


Synchronizing Data Transfer 

The microprocessor must be able to identify an end-of-con- 
version, so that each digit will be stored in its proper location. 
Since the TSC7135 has a BUSY output, the processor could 
simply monitor this output for end-of-conversion status. 
However, this method would require an extra input bit, as well 
as processor time to test for BUSY status. By using software 


to identify the end-of-conversion, both software and hard- 
ware can be simplified. 


In order to synchronize data transfer between pP and A/D 
converter, the uP tests the most significant bit of I/O port A 
for the presence of DIGIT STROBE 5(DS5). If DS5 is true 


then an end-of-conversion has occured. The data pointer is | 


then initialized and assembly of five BCD digits begins. The 
next four STROBE pulses will find DS5 false, so the BCD 
digits are simply stored in successive memory locations. The 
fifth STROBE pulse signals an end of data transfer, so the 
user can display or manipulate the data as desired. 


TSC7135 
OUTPUT 


_ * DELAY BETWEEN BUSY GOING LOW AND FIRST STROBE PULSE 
BUSY IS DEPENDENT ON ANALOG INPUT 


STROBE 
\ | V Y | NOTE ONLY 5 STROBE 
PULSES PER 


CONVERSION 


D1 (LSD) 
DATA 


Figure 2: Timing ncletlonships Between TSC7135 Out- 
puts | 


Initializing the 18255A 1/0 Port 


At power up, or after a microprocessor reset, the 18255A is 
initialized for unlatched (Mode 0) input operation. In order to 
interface to the TSC7135, the 18255A must be programmed 
to latch data, and generate an interrupt, from Port A (Mode | 


operation). In addition, one bit of Port C can be utilized for | 


controlling the TSC7135’s RUN/HOLD input, if conversions 
on command are required. 


Programming the I18255A is accomplished by writing data to 
the control register. Figure 3 outlines the function of each 
control bit. Writing “OB2H” to the control register, for exam- 
ple, configures Port A as a latched input, Port B as a non- 
latched input, and remaining Port C bits as outputs. 


APPLICATION NOTE 17 


In the Port A strobed input mode, bit PC3 becomes the inter- 
rupt output. In a large system with many interrupting devices, 
this output would typically go to a priority interrupt controller 
such as the 18259A. Smaller systems can simply use a single 
interrupt input, with polling in software to identify the source 
of the interrupt. To determine whether the TSC7135 has 
caused the interrupt in a polled system, Port A Input Buffer 
Full (IBFA) is tested for a HIGH state. If IBFA is high, then 
data has been latched into Port A by the TSC7135. Reading 
Port A will clear the interrupt and reset IBFA. 


Programming Port A for strobed operation will define bit PC3 


_asan interrupt output, but a separate operation is required to 


enable the output. Bit PC4 is the interrupt enable bit for Port 
A. This bit must be set, using the Port C bit set/reset function, 
before the 18255A will respond to interrupts. 


The circuit of Figure 1 also shows the TSC7135’s RUN/HOLD 
input controlled by bit PC6. Setting PC6 high will result in 
continuous conversions. When PC6 is low, the TSC7135 will 
remain in its auto-zero cycle. If PC6 pulses high, the TSC7135 
will perform a conversion, output the new data, and return to 
auto-zero. . 


MODE SELECT WORD: WRITE TO CONTROL REGISTER (ADDR X3) 
67 66 BS B4 63 B2 Bi BO 


PORT C LOWER 

PORT B FUNCTION 

PORT C UPPER = OUTPUT 
PORT A = INPUT 

PORT A = MODE 1 

1 = SET 8255 MODE 


PORT C BIT SET/RESET: WRITE TO CONTROL REGISTER (ADDR X3) 


po} x] x] x Jar} ae] ao] os 
| 1 = SET, 0 = RESET 
PORT C BIT LOCATION 
0 = SET/RESET BIT IN PORT C 


1/0 PORT STATUS WORD FORMAT: READ PORT C‘(ADDR x2) 


"(===> GROUP B CONTROL OR PORT C 1/0, UNUSED 
INTERRUPT OUTPUT FROM PORT A 
INTERRUPT ENABLE (WRITE ‘OD' TO ADDR X3 TO ENABLE) 
INPUT BUFFER FULL, PORT A 
TSC7135 RUN/HOLD (WRITE ‘09! TO ADDR X3 FOR ‘RUN 
PORT C OUTPUT, UNUSED 


8255 REGISTER ADDRESSES 
* WITH PORT A IN STROBED MODE. PORT C OUTPUTS 
ALLOWED CONTROL | MUST BE ACCESSED WITH BIT SET/RESET 


Figure 3: 8255 I/O Port Register Functions 


NOTE: “X” = DON'T CARE 
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INTERFACE WITH SOFTWARE 


Interface Software 


Listing 1 contains software for acquiring data from the A/D 
converter. Two separate routines are required to program the 
I/O port and to respond to interrupts. Code .at location 
“SETUP” will configure the 18255A for strobed input and 
enable Port A’s interrupt. 


The user must provide software for vectoring interrupts from 
port A of the 8255A to interrupt service routine “SVC.” As 
mentioned previously, “SVC” will test for digit strobe 5 being 
high (i.e. beginning of a new digit scan). If DS5 is high then 
data pointer HL is loaded with the digit storage address. 


If DS5 is not high, or after HL has been initialized, the BCD 
digits are stored in memory. If five digits have not been re- 
ceived, register HL is incremented to point to the next digit 
storage location. After five STROBE pulses, locations 
STORAG through STORAG +4 will contain five BCD digits 
that represent the latest TSC7135 conversion, plus sign, 
polarity, overrange, and underrange flags. 


37TSC7135 TO 8255 1/0 PORT INTERFACE SOFTWARE, WITH 
3SIGN-MAGNITUDE TO 27S COMPLEMENT CONVERSION 


s 


3 
3;CONFIGURE FORT A OF 8255 FOR STROBED INPUT AND 
;ENABLE INTERRUPT FROM PORT A 


, 
T8255: ce) $8255 1/0 PORT ADDRESS 
ZOCOH 5CAN BE IN ROM OR RAM 
SETUP 
A, OB2H sSET 8255A FOR LATCHED 
(18255+3) ,A 3 INPUT ON PORT A 
A, ODH sENABLE INTERRUPT FROM 
(I18255+3) ,A 3; PORT A 
A, O9H 3 TURN ON TSC7135 
(18255+3),A 3 (RUN/HOLD=’ RUN’ ) 
HL, STOR sLOAD DATA POINTER WITH 


(COUNTR) , HL s DATA STORE ADDRESS 


MAINPR sJUMP TO USER PROGRAM OR 


TO GPERATING SYSTEM 


3; INTERRUPT SERVICE ROUTINE--——-USER MUST 

3;PROVIDE HARDWARE/SOFTWARE TG VECTOR 

s INTERRUPTS FROM THE 8255A TO THIS ROUTINE, 

3;AND PROVIDE FOR SAVING REGISTERS AS REQUIRED 

’ 

$ 

SVC: A, (18255) sGET TSC7135 DATA 
A 3;SET FLAGS 
P,NXTDG 3DS5=0;NOT A NEW SCAN, GO ON 
HL, STOR sNEW SCAN, SO SET DATA POINTR 
(COUNTR) , HL 3; TO 1ST DIGIT STOR LOCATION 
HL, (COUNTR) s;LOAD STOR ADDR OF THIS DIGIT 
(HL) ,A s;STORE BCD DATA 
A,L 3;GET LO BYTE OF STORE ADDR 
ENDSTR. MOD. 2563 SUBTRACT ENDING STOR ADDR-1 
F, BCD2BI 3;DONE IF RESULT MINUS 
HL sPOINT TO NEXT ADDR 
(COUNTR) , HL sSAVE STORE ADDR 

sSRETURN TO MAIN PROG 


Listing 1: TSC7135 to TSC8250 Interface Software 


TSC7135 


Converting Multiplexed BCD Numbers to 
2’s Complement Format 


BCD data is very convenient for driving LEDorLCD displays, 
but 2’s complement format is usually preferred for computer 
arithmetic operations. Listing 2 is a program which will con- 
vert five BCD digits to 2’s complement. This program multi- 
plies the MSD by 10, adds the next digit, multiplies the sum 
again, etc., until all 5 digits have been converted. The sign bit 
is then tested and, if negative, a 2’s complement adjustment 
(complement all data bits and add one) is performed. Finally, 
the 2’s complement data is stored at location AD2SCM. 


3 

3;BCD TO 2’S COMPLEMENT CONVERSION SOFTWARE 

3THIS ROUTINE CONVERTS S BCD DIGITS LOCATED AT 

3” STOR?’ TO 2’S COMP AND STORES RESULT AT °AD2SCM’ 


. 
3 


2040H 
HL., 0000 


BCD2BI: 3ZERO HL REG 

sPOINT TO 1ST (MSD) BCD DIGIT 

sGET DIGIT 

sMASK DSS,POL,OR,AND UR FLAGS 

3 ZERO D 

sDIGIT TOE 

316 BIT ADD 

3LO BYTE OF DIGIT POINTER 

ENDSTR.MOD. 25463; COMPARE TO END$ IF DONE, 

P, DONE s BC POINTS TO LAST DIGIT 

BC 3NOT DONE 

HL, HL SMULTIPLY HL BY 10; START 

HL WITH HL#23 SAVE ON STACK 

HL, HL (HL.#2) #2=HL#4 

HL, HL TIMES 2 AGAIN=HL*8 

DE GET BACK HL#2 

HL, DE HL*#8+HL#2=HL #10 

DIGIT sNEXT BCD DIGIT 

A, (BC) 3;BC STILL POINTS TO BCD DIGIT 

40H sTEST 7135 POL. -IF POSITIVE, 

NZ, AD2Z2CPL 3; NO 2’S COMP CORRECTION REQ 

3RESULT NEG, SO DO A 2’S COMP 
CORRECTION BY COMPLEMENTING 
THE 15 BIT RESULT IN HL, 

AND COMPLEMENTING THE 
SIGN BIT 

s;RESULT NOW IS 1°S COMP IN HL 

3ADD ONE FOR 2’S COMPLEMENT 

sSTORE RESULT AND DONE 


DIGIT: 


on o: we we we 


(AD2SCM) , HL 


RESERVE STORAGE FOR POINTER AND RESULTS 


ee es we we 


ORG OBFFCH ;MUST BE LOCATED IN RAM 
COUNTR: DEFS 2 3 STORAGE FOR DATA POINTER 
STOR: DEFS 3 sSTORAGE FOR 5S BCD DIGITS 
ENDSTR: EQU STOR+4 


_AD2ZSCM: DEFS 2 32°S COMPLEMENT DATA STOR 


Listing 2: BCD to 2’s Complement Conversion Soft- 
ware 


Reference: 
Smith, M.F. Interface program links A/D chip with micropro- 
cessor Electronics Nov. 3, 1982 p. 124, 125 
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TSC7135 


INTERRUPT =) > 


READ TSC7135 - 
DATA . ° 


ZERO 16 BIT ACCUMUL (HL) 
POINT TO 1ST BCD DIG.(BC)}_ 


MOVE BCD DIGIT TO 
16 BIT REGISTER 
ADD BCD DIGIT TO 
16 BIT ACCUMULATOR 


MOST 
SIGNIFICANT 
DIGIT? 


YES 


INITIALIZE DATA 
POINTER 


- MULTIPLY 16 BIT 
ACCUMULATOR BY 10 


POINT TO NEXT BCD DIGIT 


| STORE BCD DIGIT, 
INCREMENT DATA 
POINTER 


HL CONTAINS MAGNITUDE, 
BUT SIGN BIT = 0; 
TEST TSC7135 POLARITY 


IS 
TSC7135 
POLARITY 
POS? 


COMPLEMENT SIGN BIT 
AND 15 BIT MAGNITUDE 


ADD ONE TO COMPLETE 
2'S COMP CONVERSION 


DO BCD TO 2'S 
COMP CONVERSION 


Flowchart 1: “SVC” Interrupt Service Subroutine Flowchart 2: “BCD2B1” 2’s Complement Conversion 
- Subroutine | 
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DISPLAY DRIVER 
MICROPROCESSOR INTERFACE 


By Wes Freeman 


TSC7211AM/TSC7212AM 
Microprocessor Interface 


The TSC7211AM and TSC7212AM are complete CMOS four- 
digit display drivers which greatly simplify microprocessor 
display interfaces. The devices contain data latches, BCD to 
seven-segment decoders, and either back plane and seg- 
ment drivers for liquid crystal displays (TSC7211AM) or 
current controlled outputs for LEDs (TSC7212AM). This 
application note describes interfacing these display drivers 
to popular microprocessors. 


TSC7211AM/TSC7212AM uP 

Interface Inputs 

The TSC7211AM and TSC7212AM need only eight inputs 
to transfer data from a uP to the display. Inputs are divided 
into four data inputs, two address inputs, and two chip 
selects. Input timing relationships are shown in Figure 1. 


BCD data for display is entered on inputs BO(LSB) through 
B3(MSB). Data inputs from 0000B through 1001B are decoded 


to correct seven-segment representation, while data inputs . 


from 1010B to 1110B are decoded to “—,” “E,” “L,” “P,” and “H” 
respectively. An input of 1111B results in a blank display, which 
permits either individual digits or the entire display to be 
blanked under software control without external hardware. 


The digit select inputs (DS1 and DS2) select the digit written to 


TSC7211AM/ 
TSC7212AM 
INPUTS 


cSt a ON - _. 
(OR CS2) 


B1-B3 
DS1, DS2 


DATA AND 
0S1, DS2 
STABLE 


DATA ANC 
DS1, 0S2 
STABLE 


Figure 1. TSC7211AM/TSC7212AM Input Timing 
Diagram 


APPLICATION 
NOTE 18 


when the chip select inputs become active. Normally DS1 and 
DS2 are connected to the low-order bits (AO and A1, respec- 
tively) of the microprocessor address bus. The DS1 and DS2 
inputs must meet the same setup-and-hold-time limits as the 
data inputs. 


Chip select inputs CS1 and CS2 contro! data entry into the 
TSC7211AM/TSC7212AM. The two chip selects are inter- 
changeable, since they are logically “ORed” internally. In a 
typical application one chip select input connects to the 
READ/WRITE control line and the other chip select will 
connect to an address decoder. If only one chip select is 
required the remaining input should be tied to GND. 


Microprocessor Bus Interfaces 


Microprocessor bus structures can roughly be divided into 
two groups: the 6800-type, where data is guaranteed valid on 
a clock edge, and the 8080-type, where data is stable for the 
duration of a WRITE pulse. Since the TSC7211AM and 
TSC7212AM are specified in terms of data setup-and-hold- 
times, either processor type is easily accommodated. 


The 6800-type edge activated I/O is used on several popular 
microprocessors, such as the 8048, 8085, 6809 and 6502. 
A timing diagram for the 6502 is shown in Figure 2, and a 
typical 6502 to TSC7211AM interface is shown in Figure 3. 
To transfer data to the display simply write data to the appro- 
priate memory location. 


DBO - DB7 


Figure 2. 6502 uP Output Timing Diagram . 
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TSC7211AM 


6502 uP 


28-SEGMENT 
OUTPUTS 


ONC 


Note: For output pin description, see 
table on page four. 


Figure 3. TSC7211AM Interface to 6502.P 


8080 
SIGNAL 


The 8080 bus characteristics, shown in Figure 4, are shared A wie , 

by the Z-80, NSC800 and 8086, among others. A typical 8080 

to TSC7212AM interface is shown in Figure 5, where the ie , . 
TSC7212AM is accessed as four I/O port locations. The 8080 DBO - 087 —{ VauD 
can also treat the TSC7212AM as memory, in which case the : | 5 


full range of memory reference instructions can be used 
to transfer data to the eisplaye 


Figure 4. 8080 uP Output Timing Diagram 


8080 uP ; 28-SEGMENT 
OUTPUTS 


Figure 5. TSC7212AM Interface to 8080uP 
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Interfacing to Multiple LCD Displays 


LCD displays will be damaged if the display driver causes a 
DC voltage between the backplane and segment inputs. 
Therefore, display driver outputs must be synchronized if 
more than one driver is used with a display. The TSC7211AM 
backplane outputs can be slaved together, permitting large 
LCD displays to be driven. 


Figure 6, for example, shows three TSC7211AMs driving two 
six-digit LCD displays to produce a date/time display in 
MM:DD:YY, HH:MM:SS format. Since the backplane outputs 
are synchronized, each display can be driven by two separate 
TSC7211AMs without any display degradation. The pro- 
cessor shown is a Z-80, and the displays are accessed as 
twelve I/O port locations beginning at address 80H. 


Figure 6. Multiple TSC7211AM Interface to Z-80 uP 


TSC7211AM 
TSC7212AM 


The Z-80 indirect output instruction (OUTI) efficiently 
transfers data from a twelve-byte buffer in memory to three 
TSC7211AMs. The OUTI instruction transfers the byte data 
addressed by registers H & L to the output port addressed by 
reg C, then increments register HL and decrements the buffer 
count register B. A typical output routine is: 


Transfer LD C,7FH 

LD HL, 
Buffer Address ; 1st byte of data 

LD B, 12 ; Transfer 12 bytes 

INC C ; Point to next |/O address 

OUT! ; Output byte; inc HL; dec B 

JR NZ, Loopt ; Next byte unless B = 0 


; Ist 1/O address - 1 


Loop! 


V+ 
"~ 
TSC7211AM 


28-SEGMENT 
OUTPUTS 


6-DIGIT 
LCD 
GND OSC DISPLAY 


V+ 


a. 14-SEGMENT 
TSC7211AM OUTPUTS 


14-SEGMENT 
OUTPUTS 


6-DIGIT 
V+ LCD 
DISPLAY 
(HAMLIN 
MODEL 3918 
OR EQUIVALENT) 


i" 


TSC7211AM 


28-SEGMENT 
OUTPUTS 


GND OSC 


17-57 


TSC7211AM 
TSC7212AM 


TSC7211AM/TSC7212AM Pin Configuration 


CHIP SELECT 2 
(CS 


CHIP SELECT 1 
{ 


TSC7211AM(LCD) 


CS1 
DIGIT SELECT 2. 
(DS2) 


DIGIT SELECT 1 
(DS1) 


DATA 
INPUTS 


Output Pin Description and Function 


OUTPUT TERMINAL FUNCTION 


Al 37 A Segment Dr. Digit 1 (LSD) | 
B1 38 B 

C1 39 C 

D1 40 D 

E1 2 E 

F1 4 F 

G1 3 G 

A2 6 A Segment Dr. Digit 2 
B2- 7 B 

C2 8 C 

D2 9 D 

E2 10 E 

F2 12 F 

G2 11 G 
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TSC7212AM(LED) 


DATA 
INPUTS 


NOTE: IF BRIGHTNESS 
CONTROL IS NOT NEEDED, 
CONNECT BRT (PIN 5) TO Vs. 


A 
B 
C 
D 
E 
F 
G 
20. A Segment Dr. Digit4 (MSD) 
B 
C 
D 
E 
F 
G 
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BCD ANALOG-TO-DIGITAL CONVERTER 


BCD CONVERTER 


INTERFACE TO DOT MATRIX LEDs 


By David Gillooly 


Traditionally 3 1/2 digit analog-to-digital converters have 
interfaced to seven segment LED or LCD displays. Conver- 
ters like the TSC7106A, TSC7126A and TSC7107A contain 
decoder/driver circuits to directly drive seven segment dis- 
plays. Devices like the TSC14433A and 4 1/2 digit TSC7135 
offer users greater flexibility since decoder/drivers are not 
contained on-chip. Output data is in a multiplexed BCD 
format. Information can be displayed on LED, LCD, vacuum 
fluorescent or incandescent displays as the application and 
environment require. Information can simultaneously be 
transferred to a microprocessor. 


The output data latching, decoding, and drive functions for 
BCD output converters, however, require external MSI devi- 
ces such as the TSC700A, TSC7211A or MC14543/1413. The 
devices are inexpensive but do require additional board 
space. . 

In measurement applications where high reliability, small 
size and excellent readability are needed, the Hewlett Pack- 
ard #5082-7356 dot matrix LEDs may be used. Within the 
LCD case is an integrated circuit display latch, decoder and 
driver. The numeric display font matches the style used in 
alphanumeric dot matrix indicators. Instrument front panels 
can be designed without resorting to mixed font styles. The 
LEDs have operating ranges from -20°C to +85°C. The fam- 
ily contains parts with -55°C to +100°C operating tempera- 
ture range. When matched with similarly specified conver- 
ters a very reliable, compact measurement and display 
module can be constructed for industrial and military appli- 
cations. 

A typical dot matrix LED interface is shown in Figure 1. The 
three LSD LEDs each contain a decoder, latch and driver. 
The one-half Digit MSD has only LEDs; two 4013 latches 
hold positive polarity information and the “1” MSD data. The 
TSC14433A encodes polarity information in the MSD BCD 
output as shown in Table 1. 
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In an overrange condition the data to the three LSDs is 
forced to all 1’s through the 7432 OR gates. The HP#5082- 
7356 LED display blanks when an all 1’s input is decoded. 
This added feature is at no additional cost since the gates are 
required as buffers to provide logic input drive to the LEDs. 
The MSD and sign bits are active in an overrange condition. 


A slight modification (Figure 2) causes the three LSD dis- 
plays to “blink’” ON and OFF for overrange analog inputs. 
The overrange bit (OR) remains low until an in range conver- 
sion completes. With OR =O the Blink FF set is removed. The 
end-of-conversion (EOC) clock causes the display to blink at 
one-half the conversion rate. This visual blinking indicates 
more forcefully a measurement channel has overranged. 
Each display also contains a decimal point for range 
formatting. 


Table 1: Half Digit And Polarity Coding 


Coded MSD Data 


2 
wo 
fe) 
RO 
e 
a) 
Oo 


+1 OR 
-1 OR 


BA 
Ololfolof{/af{Aa}]-{a 
Ol-lojAjoljAa|lol|a 
=jalololAalAalolo 


Notes 

1. Q3- 1/2 digit, low for “1”, high for “0” 

2. Q2- Polarity: “1” = positive, “0” = negative 

3. QO- Out of range condition exists if QO = 1. When used in conjunction with 
Q3 the type of out of range condition is indicated, i.e. Q3=0-~ OR or 
Q3=1- UR. 


BCD CONVERTER _ 


3 1/2 DIGIT MULTIPLEXED BCD OUTPUT ADC INTERFACE TO 
DOT MATRIX LEDs WITH DECODER/LATCHES 


HP5082 —7358 


12Ver 4 TSC9491 


a 


TSC 14433ACL 


[o} 
Dp O 
4013 17,.6,4,10,8 
CLK 
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4x7MATRIX | 
LED WITH DECODERS/LATCH 


+5V 
HP5082—7356 ° 


7432 


BUFFERING 
& BLANK ON } 


OVERRANGE 


NOTE: 

1. THE 3 LEAST SIGNIFICANT DIGITS 
BLANK DURING AN OVERRANGE 
CONVERSION. — 


Figure 1: 3 1/2 Digit Multiplexed BCD Output ADC Interface to Dot Matrix LEDs with Decoder/Latches 


“BLINK FF” 


Figure 2: Flashing Display on Overrange 
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TWO-DIGIT SERIAL INPUT LED 
DISPLAY DRIVER USING TSC9404 


By David Gillooly 


Many system applications require microprocessors to dis- 
play data on seven segment light emitting diode (LED) dis- 
plays. To minimize the number of input/output lines needed, 
a serial to parallel data bit conversion scheme can be used. 
The TSC9404 will perform a serial to 16-bit parallel output 
conversion. The TSC9404 outputs will each sink 
60 MA @ Veaz <0.5 V for directly driving the LED displays. 


The sixteen outputs will drive two seven segment displays 
plus two decimal points or annunciators. A serial output 
allows devices to be cascaded for more digits. Two digits, 
however, are adequate for many event, switch position, per- 
centage and temperature display applications. 


A basic two digit display circuit is shown in Figure 1. The 
TSC9404 interfaces with a standard 6522 Versatile Interface 
Adapter (VIA) I/O chip. The 6522 communicates with a 6502 
microprocessor. The VIA chip is widely used since it con- 
tains two configurable I/O ports, and timers. It also contains 
an 8-bit serial input/output shift register. The VIA shift regis- 
ter is configured as an output with the shift rate set by the 
phase 2 system clock. Data latches are not needéd on the 
TSC9404 as the high speed data transfer is transparent to the 
eye. Two output shift operations will fill the TSC9404 with 
data for display. 


Program operation is straight forward. (See program listing) 
The eight least significant data bits are loaded first from 
memory into the VIA shift register. The appropriate binary to 
seven segment display code is obtained through a table 
look-up (Table 1) procedure. The number stored in memory 
is the table offset. Hex or special symbol display characters 
are possible by expanding the table. The VIA automatically 
shifts eight data bits to the TSC9404. The program waits fora 
complete 8-bit transfer before obtaining the most significant 
digit data from memory. The wait state is implemented by 
testing the interrupt register shift complete flag bit with the 
shift register interrupt disabled. A memory map for the 6522 


MONSANTO 6610 LED 


Figure 1: High Current Serial 1/O Port Expander - 


TSC9404 


APPLICATION 
NOTE 20 


is shown in Table 2. The program/system was developed on 
a SYM-01 microcomputer board. 


If decimal point drive is desirable the program is easily 
modified: 

LDA Table, X 

ORA LSBDP; Add #01 for decimal point 

STA SR 

LDA Table, X 

ORA MSBDP; Add #01 for decimal point 

STA SR 


Similar programming techniques can be developed for 
alpha-numeric display using 14 or 16 segment LEDs. Bar 
graph displays are also possible. 


Table1: Decimal to Seven Segment Conversion Table 


LED Segment 
Displayed Character abcdefgDP HEX Equivalent * 
0 11111100 FC 
1 01100000 60 
2 11011010 DA 
3 11110010 F2 
4 01100110 66 
5 10110110 B6 
6 10111110 BE 
7 1110000 0 EO 
8 11111110 FE 
9 11100110 E6 
“BLANK” 0000000 0 00 


* For decimal point add 01 to HEX code 


SERIAL © LONGER 
OUTPUT DISPLAYS 
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Serial 1/O Port Expander; Two Digit, Seven Segment LED Drive Program Listing 


Instructions 


| Byte — Byte Byte | 
Address 1 2 3 Label Mnemonic 
200 AQ ts 18 : Display LDA 
202 sD —Ss OB ABS STA 
205 AQ 80 LDA 
207 8D OE A8 STA 
20A AE 50 03 LDX 
20D BD 00 03 LDA 
210 8D «OA AS STA 
213 AD OD AB LSBTST LDA 
216 29 04 AND 
218 — FO _F8 | BEQ 
-21A AE 51 03 LDX 
21D BD 0 } 08 LDA 
220 ~=8D OA A8 STA 
223 AD OD  A8 ~~ MSBTST ~~ LDA: 
226 29 04 AND 
228 FO F8 BEQ 
224 — 60 RTS 
300 FC Table 
301 60 
302 DA 
303 = F2 
304 —ts«éG 
305 B6 
306 BE 
307 EO 
308 FE 
309 E6 
30A 00 


Operand 
#18 


- ACR 


#80 


Table,X 


SR 
IFR 
MASK 
LSBTST 
MSB 
Table,X 


SR 
IFR 


MASK 
MSBTST 


’ 


. 
y 

cm 
’ 


Comments 
Shift out under = =5 Control 
Disable shift register Interrupt 


Convert LSB decimal digit to 
seven segment code | 


Send LSB to shift register 
Load shift register flag 


Test for LSB shift completion | 


Convert MSB decimal digit to 
seven segment code 


Send MSB to shift register 
Load shift register flag a 


Test for MSB shift completion 
Return from subroutine 


Seven segment code 0 


Table 2: 6522 (VIA) Memory Map 
Address(Hex) * 


Register 


A80E IER - Interrupt Enable Register 
A80D IFR - Interrupt Flag Register 
A80B ACR - Auxiliary Control Register 
A80A SR - 8-Bit Shift Register 


-U28 On SYM-01 Single Board Computer 
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TSC700A DRIVES LED 
DISPLAY FOR TSC14433 ADC 


By Wes Freeman 


The TSC700A high current driver chip can demultipiex the 
TSC14433 3 1/2 digit analog to digital converter data lines 
and drive an LED display. Because the driver powers the LED 
statically, the high transient currents associated with multi- 
plexed LEDs are reduced. Asa result, the design eases power 
supply and component layout requirements and minimizes 
the noise at the input. 


An added feature of the TSC700A is the guaranteed 11 mA 
minimum LED drive current. This is over twice the current 
available from comparable drivers. LEDs driven by the 
TSC700A will be very bright and readable, an important con- 
sideration when instruments use large character height dis- 
plays or operate in high ambient light environments. 


The TSC14433 is a 3 1/2 digit A/D converter which outputs 
data via four output pins (Qo - Q3) and four data strobes 
(DS1 - DS4). The TSC700A contains four sets of 4-bit 
latches, BCD to 7-segment decoders, and static LED drivers 
with 11 mA current sink capability. 


Circuit operation for the three least-significant digits is 
straightforward. The TSC 14433 puts data on the Qo - Q3 out- 
puts and the appropriate digit strobe goes high, latching data 
into the TSC700A. 


Table 1: TSC14433 Data Output 


Coded Condition 
of Most Significant 


Binary-coded- 
Decimal-to-Seven- 


Digit (MSD) Q3 Q2 Qi Qo Segment Decoding 
+0 1 1 1 0 blank 
-0 1 Oo 1 0 blank 
+0 UR 1 1 1 1 blank 
-0 UR 1 Oo 861 1 blank 
+1 0 1 0 0 4-1 hook up only 
-1 0 OO) 0° 04 segments b 
+1 OR 0 61 1 1 Pe and c to MSD 
-1 OR 0 oO 1 1 se a | 


Qe2: Polarity: 1 = positive, 0 = negative 

Qo: Out-of-range condition exists if Oo = 1; when used in conjunction with Q3 
the type of out-of-range condition is indicated; 
Q3 = 0 — OR or Q3 = 1—- UR 


TSC700A 


APPLICATION 
NOTE 21 


Obtaining the proper data for the half digit and polarity sign 
is more complex. Truth table 1 shows the TSC 14433 data out- 
put when DS1 goes high. The data format was designed to be 
used with a discrete polarity-driver transistor and a BCD to 
7-segment decoder that blanks the display when an invalid 
BCD digit is input. Only Q3 and Q2 are significant for the half- 
digit display, however, so a combination of these signals can 
be found to light the proper segments of the TSC700A. 


Truth table 2 shows the TSC700A display that results when 
Q2 of the TSC 14433 is inverted and shifted to Q1, and Qo and 
Q2 are always high. If outputs A1 and C1 of the TSC700A are 
used to light the half digit, and output F1 lights the positive 
polarity indicator, then additional external LED drivers are 
not required. 


In the circuit, Q2 is inverted by one half of the CD4013B 
D-type flip-flop and is then shifted to Q1 by the 74C157 quad 
2-input multiplexer. When DS1 is low data passes through the 
multiplexer unchanged. With DS2 high, the inverted Q2 
comes out instead on 2Y and both 1Y and 3Y are set high. The 
TSC700A decodes the inputs as shown in truth table 2 and 
the correct segments turn on. Because no segment is “on” for 
all possible inputs an external resistor is required to turn on 
the “—” segment of the polarity sign. 


A flashing display is useful for indicating overrange, and can 
be implemented with the remaining 4013 flip-flop. Normally 
the OR output (pin 15) of the TSC14433 keeps the flip-flop 
reset, enabling the TSC700A display. An analog input 
exceeding full-scale causes OR to go low, removing the reset. 
The flip-flop now toggles at the end of each conversion, 
causing the display to flash. 


Table 2: Decoded Output of the Display Driver 


Input to 

Coded TSC700A TSC700A 
Condition Output With Qo2 Active Half- 
Of Most of Shifted to Q Segment Digit 
Significant TSC14433. And Qo, Q2= 1 Drivers Display 
Digit Q3 Qe B3 B2 Bi Bo 

1 0 0 6404-4 S -| 
+4 0 1 0101 7 “| 
-0 Oo 61 1171 «71 blank = 
+0 ae 1-4) Or 4 L -- 
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TSC700A_ 


HALF DIGIT i 
AND SIGN MUX . ‘LED DISPLAY 


16 


na 


74C157 co | MONSANTO 


3B TSC700A MAN 6630 
4B SEL 


7 EN GND 7 
“—~ 


TSC 14433 LED DISPLAY 
3 1/2 DIGIT DRIVER 
A/D CONVERTER 


MONSANTO 
MAN 6610 


1/2 CD4013. 


Q 


DISPLAY “BLINKS” — 
DURING OVERRANGE — 


- *Numbers in Parentheses Denote Pin 
Connections for Monsanto Displays. - 


Figure 1: TSC700A Gives 3 1/2 Digit ADC a Bright LED Display with Flashing Display on Overrange 
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SOFTWARE COMBINES WITH CMOS 
LSI TO FORM 3 3/4 DIGIT DVM 


By Wes Freeman 


Single chip analog-to-digital (A/D) converters, with on-chip 
LCD or LED disptay drivers, have greatly simplified the 
design of sensor-to-human interfaces. However, the 3 1/2 
digit resolution (1,999 counts) typically offered is often 
inadequate. In particular, temperature systems suffer from a 
limit of 199.9 degrees farenheit with 0.1 degree resolution. In 
addition, direct drive outputs of single-chip converters make 
a microprocessor interface, which is often required for pro- 
cess control, very difficult. Finally, display A/D converters 
are usually limited to about three readings per second, which 
is sometimes too slow for systems applications. 


By combining a 13-bit, microprocessor-compatible, CMOS- 
LSI A/D converter with software and a CMOS display driver, 
you can expand the system’s measurement range to “3 3/4” 


CMOS LSI 


APPLICATION 
NOTE 22 


digits (4095 counts). This system retains the low cost, low power, 
high accuracy and excellent noise rejection of the integrat- 
ing A/D converter, while providing both sign-magnitude 
binary and BCD data. In addition, the system A/D converter 
can operate at speeds up to 30 readings per second. Also, all 
of the interface functions can be performed by only one LS! 
microprocessor interface chip. Hardware and software 
shown are for a 6502 microprocessor, but other processor/ 
interface devices can also be accommodated. 


The hardware of the circuit is straightforward. Both A/D 
converter U2 and display driver U3 are interfaced to the 
microprocessor via U1, a “versatile interface adapter” with 20 
1/O lines. When the falling edge of U2’s status output indi- 
cates an end of conversion, U1 generates an interrupt. The 


IMQ 
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Figure 1: 12-Bit A/D Converter with 3 3/4 Digit Display 
One 1/0 device links both the A/D converter and decoder-display driver to a microprocessor. With data formatting in software, 
the circuit provides faster analog conversion speed and more resolution than 3 1/2 digit display-oriented converters. 
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microprocessor then reads U2’s conversion data in two 
bytes, selecting the high Orlow: -order byte via the CA2 hand- 
shake output. 


' After converting binary data to BCD in software, the micro- 
processor loads LCD driver U3 via port B of U1. BCD digits 
are output on the lower four bits of port B, while the upper 
four bits serve as digit select outputs. The CB2 handshake 
output of U1 controls the polarity segment of the LCD 
display. 


Software for the 3 3/4 digit converter consists of an interrupt 
service routine and a binary-to-BCD conversion subroutine. 
In response to a CA1 interrupt, the microprocessor jumps to 
the service routine of listing 1. Using U1’s peripheral control 
register to toggle U2’s byte select inputs, the microprocessor 
reads and stores two bytes of binary data beginning at loca- 
tion BINARY. After stripping the flag bits from the most 
significant byte, the conversion’s magnitude is stored begin- 
ning at BINSRC. The program transfers the sign bit to the 
display, and then tests for an overrange condition. If the A/D 
converter is overranged, “EEEE” issent to the LCD display. If 
the input is not overranged, the BCD conversion and display 
subroutine is called. 


0000 St te re rte em ne ee cee ce te ee ca ee ee nae ee 
0000 3 3 3/4 DIGIT DVM AND 12-BIT BINARY DATA ACQUISITION 
0000 3 SYSTEM USING THE TSC7109 AND TSC7211A, INTERFACED 
0000 3 TO A 6502 MICROPROCESSOR VIA A 6522 1/0 PORT 

0000 $ 

9000 3 RESULTS ARE STORED IN FOUR BYTES OF ZERO-PAGE 

0000 3 MEMORY: BCD DATA AT "BCD" AND BINARY DATA 

0000 5 AT “BINARY (MOST SIGNIFICANT DIGIT FIRST) 

0000 $ : 

0000 5 USER MUST PROVIDE INTERRUPT VECTOR FROM THE : 
09000 3 6522°S CAL INTERRUPT TO A ROUTINE AT "“INTVEC" 
0000 J tr tr et ar ne err ener emma err conan 
0000 3 : 

9000 3SET UP 6522 FOR INTERRUPT OPERATION 

0000 =AgO0O IOPRT .EQU 0AB00 = g ADDRESS OF 6522 I/0 PORT 

0000 =ABOC PCR -EQu IOPRT+0C; PERIPHERAL CONTROL REGISTER 

0000 O028E SETUP -EQu O28E sADDR OF 6522 SETUP ROUTINE 

0000 - ORG SETUP 

O28E AFF SETUPIO LDA #OFF 3;SET PORT B TO OUTPUTS TO 

0290 8bDOZAB STA IOPRT+2 3; DRIVE THE TSC7211A 


0293 AIEE LDA #OEE ;CAI=INT ON NEG EDGE, 

0295 S8DOCAB STA PCR 3 CA2Z=LOW (POINT TO 7109 LO BYTE) 
0298 AIE2 LDA #82 sENABLE CA1 INTERRUPT 

029A BDOEAB STA IGPRT+0E; 

029D 4C7503 JMP MAINPRG ;1/0 PORT SETUP COMPLETE, SO 
O2A0 ; JUMP TO 0.S. OR TO MAIN PROGRAM 
O2A0 Hy 

OZAO sBEGIN INTERRUPT SERVICE ROUTINE 

O2A0 O00A4 BINARY .EQU OA4S s STORAGE FOR BINARY RESULT 


O2ZAO0 O0A2 BINSRC .EQU OA2 sSAVE BINARY HERE FOR BCD CONVERT 
O2A0 OOAO BCD -EQU OAO 3;BCD RESULT HERE (4 PACKED DIGITS) 
O2ZAO0 (02E0 INTVEC .EQU O2E0 3652276 CAL INTERRUPT ROUTINE 
OQ2AO .- ORG INTVEC 

O2ZEO ADOLAS INTSVC LDA © IOPRT+1 ;GET DIGIT FROM 6522 

O2E3 S5AS STA BINARY+1;SAVE BINARY RESULT AND 

O2E5 s85as : STA BINSRC+1; LOAD BIN TO BCD REGISTERS 

O2E7 aApDOCcAs LDA PCR 3;GET PCR 

O2ZEA 29FC AND #0FC 3 TURN ON MOST SIGNIFICANT 

O2EC SsDOCAB STA PCR ; BYTE OF THE TSC7109 

O2EF ADO1LAB LDA IOPRT+1 3;GET MS BYTE 

O2F2 85A4 STA BINARY ;SAVE MS BYTE AND FLAGS 

O2F4 290F AND #0OF 3MASK POL AND OR BITS BEFORE 

O2F& S85A2 STA BINSRC 5; BINARY TO BCD CONVERSION 

O2F8 AZ1LO LDA #10 3LOAD POLARITY-BIT MASK 

O2FA 24A4 BIT BINARY ; INPUT NEGATIVE? 

O2FC FOO4 BEG MINUS 3YES, TURN OFF “Y" SEGMENT 

O2FE AIEE LDA #0EE ; INPUT POS, SO TURN ON "“Y" SEGMENT 
0300 bDOO2 BNE SIGNON ;SKIP TO SIGN-BIT OUTPUT 

QO302 AIC2 MINUS LDA #0CE 3CB=0, ALSO POINT TO LS BYTE 


0304 S8DOCAS SIGNON STA PCR 3SET SIGN ON LCD DISPLAY 
0307 AI2Z0 , LDA #20 ;LOAD OVERRANGE MASK 
0309 24A4 BIT BINARY ;TEST FOR OVERRANGE 

O3O0B FOO& BEQ NOTOVR ;CONTINUE IF NOT SET 


O30D AFB : LDA #OFB 3 INPUT OVERRANGED- DISPLAY 
OSOF 8bOO0AB STA IOPRT 3; “EEEE" ON DISPLAY 

O312 40 RTI AND RETURN 

O313 201D03 NOTOVR JSR BIN2BCD ;CONVERT AND DISPLAY 

0316 40 RTI "3 DONE 


Listing 1: Interrupt Handling 

In response to an interrupt from the TSC7109, the program 
first reads and stores the A/D converter’s data. After polarity 
and overrange tests, the binary data is converted to BCD and 
transferred to the LCD display. 


Binary-to-BCD conversion is accomplished by multiplying 
each binary bit by its equivalent decimal value and summing 
the bit values. Since each binary bit is some factor of two, 
only a multiplication by two is required. The multiplication 
can be reduced to a decimal add, since AtA=2"A, and the 
SED (SEt Decimal) mode provides easy BCD addition. 


The BCD conversion begins with the binary data in two 
memory locations, BINSRC and BINSRC+1, which are used 
as a 16-bit shift register. Two other locations, BCD and 
BCD+1 serve as a4 digit BCD accumulator. The sixteen bits 
of binary data are shifted toward the most significant bit. Bits 
which are logical “1” are added, via the carry, to the BCD 
accumulator. After each shift, the BCD accumulator is added 
to itself (i.e. multiplied by two). On each succeeding pass, 
the sum of the binary bits is again multiplied by two. For 
example, bit 11 will go thru the multiplication loop eleven 
times and will then have a value of 2 A114, or 2048. Bit 4 goes 
thru the loop four times, and ends with a value of 16. Thesum 
of the BCD values for each bit of the binary word is the final 
BCD result. After sixteen shift/add cycles, the binary- -to- 
BCD conversion is complete. 


O31D ci ia ae gr eee i Ca a 


O31D 3; THIS ROUTINE CONVERTS THE TSC7109°S BINARY 
O31D sOUTPUT TO 4 DECIMAL. DIGITS (PACKED INTO 2 BYTES) 
031D 3 

O31D FS BIN2BCD SED ;SET DECIMAL MODE FOR ADDITION 
O31E A010 LDY #10 3DO 16 BITS 

0320 AV00 LDA #00 3 ZERO THE 4 DIGIT 

0322 85A0 STA BCD 5 (TWO BYTE) 

0324 S85Ai STA BCD+1 -.; BCD ACCUMULATOR 

0326 26A3 BCDLP ROL BINSRC+1;ROTATE THE 2-BYTE BINARY 
0328 26A2. ROL BINSRC ; VALUE TOWARD. MSB 

032A APV00 LDA #00 sADD CARRY TO THE 

032C 6&5A0 ADC BCD 3; BCD ACCUMULATOR 

O32E 85A0 STA BCD 5 (IN EFFECT, THIS 

0330 AIO0 LDA #00 3 ADDS ONE TO THE 

0332 65A1 ADC BCD+1 3 BCD ACCUMULATOR IF 

0334 S85A1 STA BCD+1 CARRY IS SET) 

0336 88 DEY sFINISHED WITH 16 BITS? 

Q337 FO10 BEQ DISPL 3 YES, DISPLAY RESULT 

0339 18 CLC 3;NOT DONE, SO CLEAR CARRY AND 
O33A ASAO LDA BCD 3 ADD THE BCD ACCUMULATOR 
O33C 65A0 ADC BCD 3 TO ITSELF 

OSSE 85A0 STA: BCD 5s (I.E. MULTIPLY BY 2) 

0340 ASAL ; LDA BCD+1 

0342 65A1 ADC BCD+1 

0344 85A1 STA BCD+1 

0346 BS CLY ' 3 FORCE UNCONDITIONAL 

0347 SODpD BVC BCDLP 3 BRANCH TO NEXT PASS 

0349 $ 

0349 : TRANSFER BCD DATA TO LCD DISPLAY 

0349 OOAS DIGSEL .E&QU OAS ;SHIFT REG FOR 7211-DIGIT SELECT BIT 
0349 A202 DISPL LDX #02 s TRANSFER 2 PACKED-BCD DIGITS 
O34B AT1IO LDA #10 sPOINTER FOR 7211A DIGIT SELECTS 
O34D 85A6 STA DIGSEL ; USE DIGSEL AS DIGIT PTR SHIFT REG 
O34F BS9F DISPLP LDA BCD-1,X ;GET 2 BCD DIGITS 

O351 290F AND #0F sMASK THE DIGIT SELECT BITS 
0353 OSA6 ORA DIGSEL 5; TURN ON DIGIT SELECT 

o355 spooas STA IOPRT ;OUTPUT TO DISPLAY 

0358 290F AND #OF 3 TURN OFF DIGIT SELECT 

O35A 8DOOAB STA IOPRT 

O35D O6A6 ASL DIGSEL ;SHIFT FOR NEXT DIGIT 

O35F BS9F ' LDA BCD-1,X ;GET PACKED BYTE AGAIN 

0361 4A LSR A. - 3SHIFT RIGHT FOUR 

0362 4A LSR A s TIMES TO UNPACK 

0363 4A LSR A 

0364 4A . LSR A 

0365 OSAS ORA DIGSEL ;TURN ON DIGIT SELECT 

0367 8SDOOCAS STA IOPRT ;OUTPUT DIGIT, THEN 

036A 290F AND #OF 3 TURN OFF DIGIT 

O036C 8DOOAS i : STA IOPRT 3; SELECT 

O36F QO6A6 ASL DIGSEL ;POINT TO NEXT DIGIT 

O371 CA DEX s AND TO NEXT BCD BYTE 

0372 DODB BNE - DISPLP 3BRANCH IF NOT DONE 

0374 60 RTS 5 DONE 

0375 3 

0375 3 


Listing 2: Data Formatting and Display 

This program converts binary data to BCD by multiplying 
each binary bit by its decimal value. The LCD display is 
accessed one BCD digit at a time, using a shift register in 
memory to store the digit select bit: 
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Although the BCD conversion program shifts data sixteen 
times, only twelve bits are valid. This method was chosen for 
compact coding. Aslight speed penalty is involved, however, 
since the program unnecessarily loops through the multipli- 
cation routine four times. With a 1MHz 6502 clock, the total 
execution time (listing 1 plus listing 2) is about 1.07 mSec. 
Program execution will be slightly faster if the binary data is 
shifted left four times at BIN2BCD and the Y register loop 
counter is changed from 16 to 12. 


After conversion to BCD format, the conversion result is 
transferred to the display via Port B of U1. The display driver 


READ LOW-ORDER BYTE, STORE 
AT BINARY +1 AND BINSRC +1 


TURN ON HIGH-ORDER BYTE ENABLE 
READ HIGH-ORDER BYTE 
STORE AT BINARY 


MASK FOUR MOST-SIGNIFICANT BITS, 
STORE AT BINSRC 


ANALOG INPUT 
POSITIVE? 


TURN ON “MINUS” SIGN OF LCD 
TURN OFF “MINUS” SIGN OF LCD 


YES 


SET DISPLAY FOR “‘EEEE” 
NO 
CONVERT BINARY TO BCD 


OUTPUT BCD TO LCD DISPLAY 


RETURN FROM 
INTERRUPT 


OVERRANGED? 
INPUT 


Flowchart 1: Interrupt Service Routine 

The A/D converter result is read in two bytes and then is 
tested for polarity and overrange. If not overranged, the 
binary data is converted to BCD and displayed. 


CMOS LSI 


requires data to be stable on the BO-B3 inputs while the 
appropriate digit select input (D1 through D4) is strobed 
high. The program uses memory location DIGSEL as a shift 
register to sequentially address each of the four digit select 
inputs. BCD data is loaded into the 6502’s accumulator, the 
digit select bit is turned on, and the accumulator contents are 
transferred to U1. The digit select bit is then turned off and 
DIGSEL is shifted to point to the next digit. After four digits 
have been transferred the program is complete, and the 
microprocessor returns to its main program. 


BINARY TO BCD 


CLEAR BCD ACCUMULATOR, 
LOAD COUNTER, SET DECIMAL 
ARITHMETIC MODE 


ADD BCD ACCUMULATOR 
TO ITSELF (MULTIPLY BY 
TWO) 


Flowchart 2: Binary to BCD Conversion 

Bit by bit, MSB first, binary data is added to the two-byte 
BCD accumulator. Each time through the loop the BCD 
accumulator is added to itself. The result is that each binary 
bit is multiplied by its decimal value. 
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CMOS LSI 


LOAD DIGIT POINTER 
AND BYTE COUNTER 
LOAD PACKED BCD BYTE, 

ZERO THE FOUR MSBS 
TURN ON DIGIT SELECT BIT 
DISPLAY BCD DIGIT 


RELOAD PACKED BCD BYTE 


SHIFT RIGHT FOUR 

TIMES TO UNPACK 

DISPLAY BCD DIGIT 
DECREMENT BYTE COUNTER 


TWO PACKED 
BYTES DISPLAYED? 


Flowchart 3: Data Transfer to LCD Display 

Looping twice transfers four BCD digits to the LCD display 
decoder-driver. For each digit transferred, the four LSBs 
contain the BCD data, while one of the four MSBs is turned 
on to function as the digit select. 
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TSC800 WIDE DYNAMIC RANGE 
ELIMINATES SYSTEM COMPONENTS 


By Wes Freeman and David L. Gillooly 


Micro-processor based systems, whether they be complex 
process controllers, bench top instruments, portable mea- 
surement devices, or computer data acquisition systems 
dominate the market place of the 1980s. Microprocessors 
maximize creativity and innovation within engineering and 
marketing teams. The ability to product differentiate and effi- 
ciently manufacture products for many market segments 
from one basic design “customized” through software maxi- 
mizes the investment return on R&D expenditures. 


The CMOS TSC800 16-bit integrating analog-to-digital con- 
verter was specifically designed for easy processor interface. 
The TSC800 data transfer is no more complicated than two 
memory read operations. 


Parallel 8 or 16-bit data transfer and serial data transmission 
with a Universal Asynchronous Receiver Transmitter (UART) 


is straightforward. The serial data transfer option makes opti-_ 


cally isolated systems practical and low cost. 


The 16-bit sign magnitude code maximizes dynamic range, 


resolution, and accuracy. An N bit sign magnitude ADC has. 
twice the resolution of an N bit offset binary ADC. The large 


Parameter TSC800 
Resolution | 15 12 Bits 
Max. Linearity Error 0.006 0.024  % 
Dynamic Range 96 78 dB 
Zero Scale Drift 0.8 0.2 uv 
°C 
Maximum Power “ae 
Dissipation 20 . 1 ah 

, Integrating Integrating 

scalded Dual Slope Dual Slope — 
q (4 Phases) (3 Phases) 

; Conv/ . 
Conversion Rate 2.5 | 40 Sec 
Differential Input Yes Yes —_ 
Maximum Input | me 
Current ~ 10 pA 
Sign/Magnitude | | 
Coding | Yes Nee 
UART Interface Yes Yes = 
Internal Voltage | | we | 
Reference No Yes * 
Automatic 60 Hz 
Rejection mee “ee ~~ 
Power Supply | | 
Voltage sui . = 
Price Per Bit $0.95 $0.77 


(100 pc Quantity) 
Table I: TSC800 Electrical Specifications 
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dynamic range can be used to eliminate expensive analog 


components needed to obtain full 12-bit performance with 
12-bit ADCs. 


The TSC800 integrating conversion technique eliminates the 
need for a sample hold amplifier and automatically atten- 
uates noise. A 400 mS measurement cycle gives a 100 mSec 
signal integration time. This provides both 50/60 Hz line fre- 
quency rejection. The conversion time is more than adequate 
for pracess control, data logging, and physical environment 
monitoring applications where “real time” is measured in 
seconds and minutes. The converter LSB size can be as low 
as 100 uV. 


By combining digital and analog functions on asingle CMOS 
chip, excellent resolution, accuracy, and interface capability 
are simultaneously achieved without a high price (Table 1). 
The 16-bit TSC800. costs only 12% more on a price-per-bit 
basis than similar 13-bit monolithic devices (Figure 1). When 


_ compared to high resolution hybrid devices, an order of mag- 


nitude cost savings results. When maximum conversion 
speed is not required the -TSC800 offers exceptional value. 
With a reference, crystal and half dozen passive components, 
a complete, bus-compatible 16-bit ADC is available. 


~ The TSC800 analog section contains an input buffer, integra- 


tor amplifier, comparator, and analog switches (Figure 2). 
The differential high impedance CMOS inputs have onlya 15 
pA maximum leakage current. Input common mode voltage 


a range extends to 1 V of the supply; common-mode rejection is 


typically 86 dB. The low noise metal gate CMOS process and 


design limits noise to 15 uVp-p. A system zero phase is 
_ included in. each TSC800 measurement cycle to cancel 
‘buffer, integrator, and comparator offset voltage and drift. 


characteristics. An external potentiometer adjustment is not 


300 - 


"PRICE ($ PER 100) 
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coe 1: High Resolution TSC800 Features High 
Performance and Low Price for Low 


- Speed Systems. — 
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Figure 2: Analog and digital compatible CMOS process provides single chip 16-bit converter. 


needed to guarantee a zero output for zero volt input. 
Temperature drift at zero is automatically corrected. 


The TSC800 digital section includes an RC or crystal oscil- 
lator clock generator, 15-bit counter, 16 three-state data 


latches, data transfer/conversion control logic, and sign bit. 


logic. The analog and digital compatible metal gate CMOS 
process allows Such extensive circuitry on a single mono- 
lithic die. 


The oscillator control pin selects either RC or crystal oscilla- 
tor operation. Normally, crystal operation is desired. In this 
mode, a divide by 15 counter is inserted between the oscilla- 
tor and TSC800 internal counters. The divider allows a stan- 
dard 2.4576 MHz UART crystal to provide the 163.84 kHz 
internal clock. A 400 mSec measurement cycle results with a 
100 mSec signal integrate time for 50/60 Hz noise rejection. 


Sixteen three-state data latches, two control inputs, and 
three dual fuction input/data strobe outputs simplify the 
interface to peripherals. Microprocessor busses, 1I/O. peri- 
pheral ports (with or without handshake control) and UARTs 
are easily supported. The data outputs are TTL-compatible 
and have sufficient current sink capability to drive a small 
processor bus directly. Data is coded in a sign magnitude 
format (15 bits Data + Sign Bit). The TSC800 provides twice 
the resolution of 15-bit offset binary converters. The sign bit 
is valid for signals less than one least significant bit giving an 
extra bit of resolution around zero. A precision nulling 
scheme may be implemented under processor control. 


The TSC800 adds two additional phases to the conventional 
two-phase dual slope integrating conversion method to 
achieve the given price and performance characteristics. The 
measurement cycle is divided into four Separate phases 
(Figure 3). , 


System Zero 

Signal Integrate. 
Reference Integrate 
® Integrator Zero 


The system zero phase (Figure 4A) begins when the internal 
analog switches connect the buffer input to analog common 
and a feedback loop closes around the integrator and com- 
parator. The external capacitors charge to compensate for 
buffer, integrator, and comparator offset errors. With a zero 
input at the buffer, the integrator output will remain at zero. 


Since the converter’s major error sources are nulled during 
each measurement cycle, temperature sensitivity is greatly 
reduced. The zero scale error drift, always a large error 
source in successive approximation converters, is reduced to 
typiclly 0.8 wV/°C. 


The signal integrate phase follows (Figure 4B). The differen- 
tial input signal is applied to the integrator for 16,384 internal 
clock cycles. The integrator output at the end of the fixed 
time is proportional to the input. Since the integrate time is 
fixed by the clock period, the interval can be adjusted to give 
maximum attenuation of repetitive waveforms such as 50/60 
Hz power line signals. A 100 mSec nIsgranen rejects 50, 60 


~ and 400 Hz signals. 


In the reference integrate or deintegrate cycle (Figure 4C), 
the reference capacitor, which was charged to the reference 
voltage during system zero, is conneced to ramp.the integra- 
tor back toward zero. The 15-bit counter is enabled and 
counts until a zero crossing is detected by the comparator. 
Data is transferred to the data latches and Data Valid (DVD) © 
goes low. This cycle normally lasts 32,678 clock period. 


The final phase is integrator output zero (Figure 4D). This 
phase provides a-rapid recovery from overloads by connec- 
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Figure 3: TSC800 integrating converter updates conventional dual slope conversion with system zero and 


integrator zero phase. 


ting the comparator output to the buffer input for 4096 clock 
cycles. Any charge remaining in the integration capacitor is 
removed, allowing an accurate system zero cycle. 


The TSC800 supports either continuous or convert on com- 
mand operation. When the Conv/Stop input is low, the con- 
verter remains in the system zero phase. A new conversion 
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will not begin until Conv/Stop goes high. Conv/Stop has no 


effect when Data Valid (DVD) is high, but pulsing the 
Conv/Stop low after a comparator zero will immediately ter- 


_minate reference integrate and cause entry into the zero inte- 


grator phase. In this case, the conversion rate will vary with 
input signal magnitude. 
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Figure 4: Internal analog gates automatically configure analog circuits for four phases of TSC800 


measurement cycle. 
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15- Bit Resch. Eliminates 
Gain Amplifiers | 


‘Along with high accuracy and resolution, the TSC800 ere 
96 dB dynamic range solves problems usually needing addi- 
tional analog components. Since each analog component 


adds an error term, eliminating unnecessary devices in- ‘i 
- creases system accuracy and reduces cost. Error budget cal- 
culation and allocation for the eoegn engineer is also made | 


easier. 


A circuit capitalizing on the. TSC800 re dynaritc range: is : | 


shown in Figure 5. The TSC800 dynamic range eliminates a 


precision analog amplifier. Twelve-bit resolution and accu- — 
racy is desired for digitizing the analog signals from + 0.4096 | 
V to + 3.2768 V. A 12-bit ADC cannot accomodate this range 


PROGRAMMABLE 
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Figure 5: 15-Bit Dynamic Range Converter 
Eliminates Programmable Gain 
Amplifier. 


SIGN BIT" 
IS VALID 
. FOR ALL 
AMPLIFIER 


‘without sacrificing resolution. The 12-bit ADC based system 
normally resolves the dilemma by using a programmable 


~ gain amplifier with gains of 1, 2,4, and 8. This amplifier is, un- 
fortunately, expensive and a system error source. 


_ The 15-bit TSC800 based system replaces the programmable 


gain amplifier and, through a software routine, full 12-bit 


resolution is achieved. The TSC800can be viewed as a 15-bit, 
~~ +0.4096 V full-scale ADC with a built-in gain of eight (Figure 
» » 6), Analog inputs up to + 0.4096 V are correctly converted by 

_ the TSC800 to 12-bit resolution. The Data bits B15, B14, and 
: B13 will be logic “0”, 


lf the applied analog input is greater than + 0.4096 V, the host 


"computer can divide the 15-bit output to adjust for a 12-bit 
_ full-scale input. Dividing by 2, 4, or 8 corresponds to reducing 
the TSC800 “internal amplifier” gain to 4, 2, or 1, respectively. 
-. The TSC800 gives full 12-bit resolution at the maximum full- 
© gcale input, even with the non-zero starting point. 


+ he necessary division is easily accomplished by software 


with a simple right shift of the TSC800 15-bit output (exclud- | 


2. ing the sign bit). Shifting right one, two, or three times divides 
“by 2, 4, of 8. Bits B15, B14, and B13 should be set to zero after 
the shift operation, since the sign bit will Shift into the most 

; eal bits during the operation. 


Current Loop Monitoring Benefits 
From Wide Dynamic Range 
. Another design simplification made possible by using high 


dynamic range converters involves the popular industrial 4 to 
20 mA current loop. The task is to provide a 12-bit 
conversion. 


A. simple resistive current to voltage conversion causes a 
0.1024 V output offset voltage (Figure 7A). The offset causes 
a problem because the maximum analog inputis 0.512 V. The 


_ADC must have a 0.512 V full-scale range; an ADC which 


digitizes inputs from 0 to 0.512 V with 12-bit resolution 
cannot provide 12-bit resolution for the reduced input span 
of 0.4096 V (0.512 V to 0.1024 V). 


12-BIT CONVERSION GAIN = 8 


GAINS 
; SIGN 
BIT 


12- BIT: CONVERSION GAIN =2. 


Figure 6: TSC800 15-Bit Output is Same as 12-Bit ADC Preceded With Amplifier Gain of 1, 2, 4, or 8. 


TSC800 WIDE DYNAMIC RANGE 
ELIMINATES SYSTEM COMPONENTS 


An operational amplifier can be used to cancel the 0.1024 V 
offset (Figure 7B). The net ADC input voltage fora 4 mA (zero 
signal) input is OV. The op amp operates at unity gain givinga 
0.4096 V full-scale input. The op amp allows a 12-bit resolu- 
tion conversion. 


The offset cancellation scheme works, but the price paid is 
high; the active component and five passive components 
increase cost, consume board space, and lower reliability. An 
offset adjustment procedure must be performed during 
production and the potential for field misadjustment in- 
creases. 


TSC800 


The TSC800 dynamic range allows the op amp and passive 
components to be eliminated by a software-generated “offset 
voltage.” The TSC800 easily digitizes the 0.1024 V to 0.512 V 
input to 12-bit accuracy. A simple 1024-count software sub- 
traction from the 15-bit conversion produces a 12-bit, OV to 
0.4096 V conversion (Figure 7C). 

The reduced part count and one less calibration step will 


offset the additional 15-bit ADC cost. The system accuracy > 
and increased reliability also enhance end product value. 
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7B: For 12-Bit Resolution An Offset Cancelling Op Amp is Needed. 


CURRENT 
LOOP——? 


1=4mA TO 20 mA 


_ 0.1024 V 


IN “TO 0.512 V 


SOFTWARE 
OFFSET 
SUBTRACTION 
ROUTINE 


MEMORY 


7C: Offset Voltage Corrected in Software Subtraction Routine. 


Figure 7: 16-Bit Dynamic Range ADC Provides Full 12-Bit Resolution Without Analog Offset Correcting 
Components. 
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TSC800 
Automatic Tare Weighing System 


Eliminates Analog Components | 


The digital offset correction scheme is useful in digital 
weighing systems where automatic tare is desired. Auto-tare 
weighing systems automatically subtract the container’s 
weight from a measurement; the scale displays a true reading 
just of the contents weight. The container’s weight must be 
measured, stored, and subtracted from the total weight. 


A strain gauge or load ceil represent typical weight sensors. 
Strain gauge output levels are below the resolution level of 
ADCs; amplification is required. Amplifier-related errors are 
unavoidable, but become magnified in auto-tare systems. 
The container weight must be subtracted from the total 
weight to yield the true content weight. 
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Figure 8: TSC800 Scale System Eliminates Analog Droop Errors and Precision DAC. 


APPLICATION NOTE 23 


One circuit that subtracts uses a sample/hold amplifier and 
operational amplifier (Figure 8A). With an empty container 
on the weighing platform, the sample/hold amplifier samples 
and holds the op amp output voltage. The voltage stored on 
the sample/hold amplifier hold capacitor represents the 
container’s weight. The sample/hold output is connected to 
the op amp’s inverting input, effectively subtracting the 
container’s weight. The analog components to store the 
container’s weight limit system performance. For example, 
the sample/hold droop rate will limit the maximum allowable 
time between sampling the container’s weight and weighing 
the filled container. The operational amplifier gain must also 
be calibrated. 
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The droop rate problem inherent in the sample hold subtract 
circuit can be avoided by using a digital-to-analog converter 
(DAC) for the feedback subtraction voltage. Figure 8B shows 
the sample/hold replaced by a DAC. The host computer 
converts the op amp output to a digital value through an 
ADC. The digital value is stored and transmitted to the DAC. 
The reconverted subtraction voltage applied to the op amp 
input is not subject to droop errors. The time interval between 
container weighing and substance weighing is unlimited. 


The DAC-based subtraction circuit has drawbacks. The DAC 
must be calibrated so its output exactly tracks the ADC full- 
scale input voltage. The container weight correction occurs 
in discrete steps, so the DAC dynamic range must match the 
range of container weights to be encountered. If not, the 
cancellation circuit resolution will limit system accuracy. 
This constraint becomes significant when the container is a 
significant percentage of total. Weighing gravel ina truck or 
aspirin in a glass bottle are two examples. 


The TSC800 large dynamic range makes analog components 
unnecessary. In Figure 8C, the TSC800 first measures the 
container weight. The digital value is stored in memoryanda 
second conversion is made with total load. Asoftware routine 
subtracts the stored container weight and the result is tare 
weight. 


The TSC800 method is conceptually the same as the DAC- 
based system. Several advantages make the TSC800 solution 
better. The ADC performs both conversions, so full-scale 


“~ 


TSC800 


BUS/HAND 


TSC800 


errors cancel. The 15-bit TSC800 gives impressive resolution 
and range; 20,000 pounds of gravel in a 12,000 pound truck, 
or 0.01 gram of aspirin in a 300 gram bottle! 


Data Bus Interface 


A commercially successful analog-to-digital converter must 
offer more than high resolution and accuracy for wide market 
acceptance. The converter’s data transfer capabilities are 
equally important. A converter able to fit easily in 8 or 16-bit 
data systems, as well as serial configured systems, will be 
widely used and offer long-term price advantages over less 
functional components. The TSC800 transmits data in two 8- 
bit parallel words, or one 16-bit wide byte. Serial transmis- 
sion through Universal Asynchronous Receiver Transmitters 
(UARTs) is possible by using the handshake data transfer 
mode. Continuous or convert on command conversions are 
possible. The TSC800 can be used in interrupt-driven data 
transfer applications. 


Data transfer is completely under user control with the 
TSC800. The bus interface mode allows a direct connection 
to a processor data bus. The dual function LBEN (Bits 1-8) 
and HBEN (Sign, Bits 9-15) inputs along with chip enable 


(CE) activate the three state data outputs. 


Figure 9 pictures a typical interface. Address bit AO and AO 
drive the byte select inputs. Additional decoded address bits 
enable the TSC800. A complete 16-bit data transfer requires 
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Figure 9: A low-cost interface results when you access the TSC800’s 16 data bits directly by treating the 


converter as two memory locations. 


17-75 


TSC800 


‘two memory read operations. All 16-bit data lines can be 
active for 16-bit wide date bus (Figure 10). Monitoring the 
TSC800 data valid signal (DVD).allows the user to verify data 
did not change during the two byte operation. 
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Figure 10: Three state data bus controlled by byte . 
select and chip enable control signals. 


APPLICATION NOTE 23 


The bus data transfer mode supports interfaces using peri- 
pheral input/output chips like the 6522 Versatile Interface 
Adapter and 8255 Programmable Peripheral Interface 
Device. Data access involves selecting and reading two I/O 
ports. The interface in Figure 11 does not need additional 
software, as the 6522 and 8255 |/O ports initialize as input 
ports at power-up or on reset. 


A data error may result if data changes — because of a new 
conversion update — between the processor’s high and low 


byte read cycles. An easy error. detection scheme is 


implemented with the peripheral I/O chip programmed for 
strobed input operation. The DVD signal is used to strobe 
data into the 1/0 chip. The strobe signal also sets the I/O chip 
interrupt flag, but a processor interrupt is prevented by 
clearing the interrupt enable register. To access data, the 
microprocessor reads port A (which resets Port A’s interrupt 
flag), then port B, and finally the port A interrupt flag. If port 
A’s interrupt flag is set, an output data latch update occurred 
during the read cycle. If the interrupt flag remained clear, 
then both data bytes are valid. 
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Figure 11: Using an 1/0 port simplifies uP interfacing. Reading the interrupt flag register prevents data overrun. 
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Serial Data Transfer 
With Handshake Mode 


The TSC800 actively controls the data transfer to peripherals 
in the handshake data output mode. The load strobe 
(LDSTRB) output signal indicates valid data is available for 


the peripheral receiving device. The low byte (LBFLG) and 


high byte (HBFLG) outputs signal which data byte is 
available. The data request input signal (DRQST) informs the 
TSC800 a peripheral is ready to accept data. A complete 
cycle transfers two 8-bit bytes. 


The handshake mode suports remote data acquisition 
systems using serial data transmission through current loop, 
RS232 or fiber optic data links. Universal Asynchronous 
Receiver Transmitter (UART) communication ICs providean 
inexpensive parallel to serial conversion. Start, stop, and 
parity bits, if required, are automatically inserted on trans- 
mission and removed on reception. Data Transmission errors 
are automatically flagged. The TSC800 handshake mode 
exactly matches UART input and control requirements, 
making serial data transmission a practical reality (Figure 12). 
The UART relieves the system engineer from designing a 
complex serial data transmission subsystem. The easy 
TSC800 to UART interface lets the design engineer focus on 
the data acquisition task, rather than chip interfacing details 
and serial interface protocols. UARTs are multi-sourced ina 
variety of technologies: CMOS, NMOS, and PMOS. Some 
devices lower system part count by including on-chip baud 
rate generators. 


Serial data transfers, especially in high resolution systems, 
are often dictated on a cost basis when the ADC distance 
from the digital processing unit exceeds several feet. Serial 
transmission greatly reduces the number of cables and line 
driver/receiver units. When system isolation through optical 
couplers is desired, cost savings are magnified. 


A complete serial data link is shown in Figure 13. The TSC800 
handshake mode is set each time the UART receives a 
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Figure 12: UART interface uses data request signal to control handshake data transfer. 


TSC800 


character. The TSC800 automatically transmits two parallel 
bytes to the UART for serial transmission. The converter’s 
2.4576 MHz clock serves double duty by driving the F4702 
baud rate generator. Serial data rates between 50 and 19,200 
baud are selectable. 

When the UART receives a word, the Data Received (DR) 
output goes high, forcing the TSC800 into the handshake 
data transfer mode. Once the handshake mode is entered by 
setting the TSC800 internal handshake flip-flop, the 
BUS/HAND input pin state is ignored. 


The DATA REQUEST (DRQST) input is tested for a high 
UART TRANSMIT BUFFER REGISTER EMPTY (TBRE) 
signal that indicates the UART is able to accept data. With 
TBRE high, the High Byte Data Flag (HBFLG) goes low and 
the sign bit plus B15-B9 data bits become active. The Load 
Strobe (LDSTRB) pulse latches the data into the UART 
transmitter holding register and resets TBRE. The TSC800 
tests DRQST again for an indication the UART has sent the 
first data byte and is ready to accept data (TRBR=1).LBFLG 
goes low and output bits B1-B8 become active. LDSTRB 
pulses low again, latching the final byte into the UART. The 
LBFLG transition also resets the UART Data Received (DR) 
output and ends the handshake transfer. Only one conver- 
sion is transmitted in response to each word received by the 
UART. 


The TSC800 data latch updating is prevented during the 
handshake to eliminate improper data transmission. The 
transmitted data is always the result of the conversion com- 
pleted before BUS/HAND went high. Conversions can be 
continuously transmitted, if desired, by tying HAND high. 
The handshake mode is then entered at the end of each 
TSC800 conversion. 


Access to several converters can be achieved with only one 
UART. Two TSC800 converters in Figure 14 give a two- 
channel link. Output decoding provides room for 6 more 
ADCs; up to 256 TSC800s can be addressed with additional 
decoders. 
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The data handshake starts, as before, by the host computer 
sending a word to the UART. The word’s three least 
significant bits (LSB) address the desired TSC800. The three 
LSBs are decoded by a three of eight decoder which drives 
the TSC800 BUS/HAND control input. When the word is 
received, the DR output also goes high. An RC network and 
CMOS Schmitt trigger delays the DR signal to allow the 
decoder outputs to settle. The delayed DR pulse enables the 
decoder and the selected TSC800 is pulsed into the hand- 
shake mode. Note that once the handshake mode is entered, 
the HAND input signal is ingored. The delayed DR output al- 
so causes the DATA RECEIVED RESET input to go low. This 
resets the DR output and disables the decoder until another 
word is transmitted from the host computer to the UART. The 
selected TSC800 transmits the last data conversion to the 
host computer. 

Also shown in Figure 14isa iss expensive baud rate genera- 
tion circuit. A simple CMOS counter can provide common 
baud rates between 300 and 9600, since the required 
frequencies are multiples of the 2.4576 MHz TSC800 clock. If 
more than two ADCs operate from one crystal, the BUF OSC 
pin should be buffered with an external CMOS buffer. 


jnitenupt Data Transfer Uses 
Handshake Mode 


The handshake mode is not limited to serial data transmis- 


sion applications. A system using peripheral I/O circuits like . 


the 6522 or 8255 for interrupt-driven data transfers can use 
the handshake mode. Only one 8-bit port is required, freeing 
I/O pins for other tasks. The handshake interface guarantees 


FROM HOST 
COMPUTER: 


TO HOST 
COMPUTER 
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data will not be accessed as the internal data latches are 
updated. Two processor interrupts will transfer data. | 


The TSC800 to 8255 interface in Figure 15 uses HAND tied 
high. This forces the handshake mode whenever a new © 
conversion is completed. The 8255 negated INPUT BU FFER 
FULL (IBFa)signal is the DRQST input signal. LDSTRB 
strobes data into the 8255 port latch and sets the data request 
(IBFa = 1) signal. DRQST is removed and the TSC800 
remains in the handshake mode checking DRQST for the 
next data byte request. Once IBF is set, the 8255 generates an 
interrupt request. During the interrupt service routine, portA 
is read resetting the IBF bit. The second data byte request is 
generated and the low data byte becomes active. LDSTRB 
initiates the second interrupt request cycle. A similar 
interface based on the 6522 is shown in Figure 16. 


Versatility and Performance | 
At An Affordable Price 


The TSC800 design achieves 0.006% linearity without requir- 
ing laser trimming. Self-correction circuits automatically 
compensate for CMOS amplifier shortcomings. This lowers 
process complexity and increases reliability; both factors 
contribute to a modest selling price and low non-delivery 
risk. A proven metal gate. CMOS process was chosen for the 
TSC800 to guarantee manufacturability. The development 
programs focused on functional performance, technical 
specifications, and device producibility. The TSC800 gives 


the designer interface options and excellent electrical 


performance at a price that will make new products and 
systems technically feasible and financially successful. 
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Figure 13: Serial data transmission is easy when the ADC logic includes UART handshaking signals. The 
TSC800 monitors its DATA REQUEST pin until the UART is ready to receive data. 
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Figure 14: Accessing any one of several remote TSC800s is simple. Just send the ADC address in the word that triggers handshaking. 
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TSC800 
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Figure 16: Interrupt-driven data transfer requires only one I/O port. 
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TSC800 WIDE DYNAMIC RANGE 
ELIMINATES SYSTEM COMPONENTS 


APPENDIX A 
Integrating Analog-to-Digital 
Converter Basics 


Successive approximation converters output digital words 
proportional to the input voltage at a given time. If the input 
level shifts before all bits are resolved, the conversion will be 
grossly in error. To prevent this sample-hold circuits often 
precede the SAR ADC. Noise may also make the conversion 
unuseable or unrepeatable. The integrating converter digital 
output represents the input signals integral over a given time 
period; the output code is proportional to the input signal 
average value during the time period. 


Most commercially available, integrating converters use the 
dual slope conversion technique (Figure A). As the name 
implies, two phases make upacomplete measurement cycle: 


® Input Signal Integrate: Integrate phase 
® Reference Voltage Integrate: Deintegrate phase 


The basic quantization unit for successive approximation 
converters is current. Integrating dual slope converters use 
time. Time is easily monitored by counting clock pulses. 
Accuracy is excellent, being limited only by short-term clock 
stability. Low differential and integral linearity errors are 
easily achieved without expensive and drift-prone laser trim 
techniques. 


The analog input is integrated for a fixed time Ti: 
Integration _ — 1 


Time 


INTEGRATOR 


ANALOG 
INPUT Ry 


POLARITY CONTROL 


POLARITY 
LATCH 
VREF 
Peas 


. DATA OUTPUT ae = 


TSC800 


Where: 
Ni = # Clock Periods in Integration Phase 
fc = Counter Clock Frequency 


Following the signal integrate phase, a constant magnitude 
reference voltage is applied to the integrator input. With a 
polarity opposite to the input signal, the reference signal 
ramps the integrator output toward zero at a constant rate. A 
counter totals the number of clock pulses until a comparator 
signals the integrator has returned to zero volts. 


 —— CONSTANT SLOPE 


SLOPE «x Vin 


ZERO 
CROSSING 


fo 


To1=Tc (Np) 
VARIABLE 
TIME 


Ty = Tc (Ny) 


FIXED TIME 


ZERO CROSSING 


COMPARATOR 


a4 


CONTROL peo 
LOGIC 


COUNTER 


Figure A: Integrating Dual Slope Converter Uses Time to Quantize Input Signal. Accuracy Set by Short Term 
Oscillator Clock Stability and Reference Stability. 
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Since the “ramp-up” and “ramp-down’” voltages are equal, a 
simple formula characterizes the conversion: 


“Ramp-Up” Voltage — “Ramp-Down’” Voltage = 0 


NiTc 


t 
a fo (t) dt= ot [ve dt 
RC 0 RC. 0 


Where: 


Ni = # Clock Pulses in Signal Integrate Period 
(Fixed) 
Nu = # Clock Pulses in Reference Integrate Period 
(Variable) 
Tc = Clock Period 
VR = Reference Voltage 
Vin(t) = Input Signal 


NiTc 
f Vin (t)dt = VR Nu Tc - 
NiTc 
wie fvmioar- Re 
NiTc 0 Ni 


a Ni 
U= IN We 


Where Vin = Average Value of Vin(t) over the Integration 
Period Ti. 

The number Nu is stored in an internal counter. The counter 
can be decoded to give binary, BCD, or seven-segment visual 
display information. 


The conversion accuracy does not depend on the external 
RC values. Reference stability and the equality of clock 
periods between phases establish basic accuracy limits. Os- 
cillator stability is only required for the 10 to 400 mSec typical 
conversion times. 


Automatic polarity detection for sign magnitude coding is 
easy. The comparator output provides a polarity indication 
that can select the proper polarity reference during the 
_ reference deintegrate phases, as well as set a sign bit flip- 
flop. Dual polarity converters store the reference voltage 
across a capacitor that is switched into the integrator with the 
proper polarity. Low charge injection switching and a large 
external reference capacitor give excellent full-scale sym- 
metry. Differences in full-scale conversions for equal magni- 


tude but opposite polarity signals can be as low as 1 count. © 
An N bit + sign integration converter has twice the resolution 


APPLICATION NOTE 23 


of an N bit offset binary ADC (Figure B). The sign bit is also 
accurate for signals less than 1 LSB. This can be useful in 
precision nulling applications. 


POLARITY BIT 
11 BITS. © 


DIGITAL CODE 
15-BiT PLUS SIGN 
SIGN MAGNITUDE. CODING 


ele 


DOUBLE THE RESOLUTION 


ANALOG INPUT (LSB) 


EQUIVALE NT 
POLARITY BIT 
11 BITS © 


DIGITAL CODE 
15-BiT 
OFFSET BINARY CODING 


ANALOG INPUT 
(EQUIVALENT SIGN 
MAGNITUDE LSB) 


Figure B: Sign magnitude coding gives twice the 
resolution of offset binary. 


By adding a system zero phase to the measurement cycle 


input buffer, integrator and comparator offset voltage and 


temperature induced offset drift errors can be eliminated. 
Manufacturers can easily guarantee a zero digital code for 
zero volt input without requiring any user adjustments. This 
is a real advantage since integrating converters typically 


_ operate with the LSB representing 100 yV. 


The simplified system zero loop in Figure C shows the inputs 
disconnected from the analog signal inputs and grounded. A 
loop is closed around the comparator so its Vos error is also 
corrected. During the auto-zero time period, compensating 
error voltages are stored on the system z zero capacitor Caz 
and integration capacitor Ci.° 
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TSC800 WIDE DYNAMIC RANGE 
ELIMINATES SYSTEM COMPONENTS 


INPUT 
BUFFER 


TSC800 


Cc 
1 Voss — Vosi + Yosc 


+ 


Voss — Vos! 


(Vos: — Vosc) 
COMPARATOR 


INTEGRATOR 


Figure C: During system zero phase offset voltage error correction voltages are stored. 


With S1, S2, and S3 reconfigured for the signal integrate 
period, a set of simple equations explains how offset voltage 
error terms are cancelled. 


-A conversion ends when the comparator indicates a zero 
crossing has occurred: 


Vosi - Vosc - VR NiTc + VIN. (NUTc) = (Vosi- Vosc) =0 
RiCi RiCi 


Vr (NuTc) = Vin (NiTc) 


Vin = VR Nu 
Ni 


As in the ideal circuit, Vin is directly proportional to the stored 
count; all offset error terms are removed. 


INPUT 
BUFFER 


A further refinement may be added to the dual slope con- 
verter with automatic offset voltage correction. The integra- 
tor output is assumed to be at zero volts when the system zero 
phase is entered. The integrator may, however, not return to 
zero due to an over-range input signal. This is common in 
multiplexed systems. In sucha case, a charge proportional to 
the output voltage is transferred to Csz. The system will not 
zero offset correctly until the transferred charge has 
dissipated. The circuit time constant is large — Ri (Csz + C)) 
— taking several conversion cycles to decay (Figure D). 


An additional phase in the measurement cycle corrects for 
overrange induced errors. The comparator is reconfigured to 
form a feedback loop around the integrator. The circuit time 
constant is reduced, since the integration resistor is now 
driven by a signal proportional to the integrator output rather 
than being fixed at ground potential (Figure E). 


INTEGRATOR 


COMPARATOR 


t 
c | RI Gop + Cy! 
7 WGgz + Cy 
VeRROR™ VINT tz 0; [© 


Figure D: Non-zero integrator output causes error when system zero cycle is entered. 
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TSC800 


INPUT BUFFER 


NORMAL 
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—30 | REJECTION 


f, = 2S, T = INTEGRATION 


COMPARATOR INTEGRATOR on PERIOD 


NORMAL MODE REJECTION (dB) 
1 
3 8 


INTERGRATOR ZERO 
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Figure G: Normal Mode Rejection Vs. Input 
Figure E: Integrator zero cycle returns integrator Frequency. 

output to zero volts before system zero 2 

cycle is entered. 


Integrating converters provide noise rejection automatically 
with at least a 20 dB/decade attenuation rate. In addition, in- 
terference signals with frequencies at integral multiples of 
the integration period are theoretically completely removed. 
This intuitively makes sense, since the average value of asine 
wave of frequency 1/T averaged over a period T is zero. The 
finite time integrator frequency attenuation characteristic is 
easily derived by doing a Fourier transform on the circuits 60 aT (12 BEY) 


impulse response function (Figure F). DEV = DEVIATION FROM 60 Hz 
= INTEGRATION PERIOD 


MODE = 20 LOG 
REJECTION 


NORMAL MODE REJECTION (dB) 


NORMAL = 


Integrating converters often establish the integration period 
to reject 50/60 Hz line frequency interference signals. The 
ability to reject such signals is shown in a normal mode 


0.01 .02 .04 .06.080.1 0.2 0.4 0.60.8 1.0 
LINE FREQUENCY DEVIATION FROM 60 Hz (%) 


rejection plot (Figure G). Normal mode rejection is practi- Figure H: Integrating converter normal mode 
cally set to 50-65 dB, since the 50/60 Hz line frequency can rejection vs. 60 Hz line frequency 
deviate by a few tenths of a percent (Figure H). variations. 


IDEAL INTEGRATOR 


IMPULSE 
RESPONSE 
(h(t) 


- 
INTEGRATE TIME=T Vg = ae f Vinl(t) dt 


T 
t 


A: Ideal Integrator B: Ideal Fixed Time integrator impuise 
Response 


T —jwT 
H (jw) = [ h(t)e dt= oe je-iera| 
O —wt/2 


C: Ideal Fixed Time Integrator Frequency Response 


Figure F: Frequency domain response of finite time integrator explains noise rejection characteristic of dual slope 
ADC. 
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SEMICONDUCTOR 


TSC7109 RECORDS REMOTE 
DATA AUTOMATICALLY 


By Wes Freeman 


A Teledyne Semiconductor analog-to-digital converter, a 2k- 
byte CMOS static RAM, and some gates and counters can be 
combined to form a low cost, flexible, stand alone data log- 
ging system. All the ICs are CMOS and the clock frequency is 
low, SO power supply currentis onlya couple of milliamperes. 
The unit will store a 13-bit conversion (12-bit plus sign) in two 
consecutive bytes of memory, with a programmable time 
interval between measurements. The circuit is useful for 
logging temperature or other process control variables in 
remote locations or hostile environments. It is also useful in 
the lab for making unattended, repetitive measurements of 
long term drift, component aging, etc. 


The heart of the circuit isa TSC7109 (IC1), a 12-bit plus sign 
CMOS A/D converter. The TSC7109 has a handshake mode 
in which the result of the latest conversion is output, in two 
consecutive bytes, each time the MODE input is strobed high. 
The data logger stores each byte in sequential RAM locations 
for later processing by a host computer. The IDT 6116 CMOS 
static RAM stores 2048 bytes and therefore can store 1024 
readings. This permits, for example, one 13-bit measurement 
per hour for seven weeks. 


MEM INCRE- MEM 


Figure 1: 13-Bit Remote Data Logger 
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TSC7109 


APPLICATION 
NOTE 24 


Timing for the circuit is provided by IC3, operating with an 
inexpensive 32 kHz crystal. The crystal can be replaced with 
a resistor and capacitor if precise timing is not required. The 
Q4 output of IC3 provides a clock frequency to the A/D con- 
verter that produces excellent 50 Hz,60 Hz, and 400 Hz noise 
rejection. The Q12 output of IC3 isa 2 Hz square wave, which 
is divided by two inIC4A. The resulting 1 Hz output is applied 
to the input of IC5,a 12-stage counter. The outputs of IC5 are 
decoded by a NAND gate to produce any desired interval 
between readings, to a maximum of 68 minutes. At the end of 
the time interval, 1|C4B generates a pulse which resets the 
counter and places the TSC7109 in the handshake mode. 


When the TSC7109’s MODE input is pulsed high, the result of 
the latest conversion is output in two bytes. First, HBEN goes 
low, outputs B9 through B12, POL and OR become active, 
and CE/LOAD goes low. After one clock cycle CE/LOAD 
goes high and the high byte of the conversion is latched into 
memory. The rising edge of CE/LOAD also increments IC6, 
to address the next memory location. Then HBEN goes high, 
LBEN goes low, outputs B1 through B8 become active and 
CE/LOAD again goes low for one clock cycle. After CE/ 


O 0 14-STAGE 
COUNTER |7 


BUF OSC OSC OSC 
16453 IN. OUT Pe O+5V 


TSC7109 
RUN/HOLD BUF 


TSC7109__ 


LOAD goes high the lowbyte of the conversion is latched into 
memory, IC6 is again incremented, LBEN goes high and the 
data outputs return to their high impedance state. 


Data can be read out of RAM by any micro or minicomputer. 
An 1/O port with handshaking (6522, 28420, 8255A, etc.) 
makes the task easy. The I/O port is simply programmed to 
‘prooduce a handshake strobe when the port is read. The 
strobe then increments IC6 after each byte is read and- 
“sequences through RAM automatically. Figure 2 shows pin 
connections for a 6522 I/O device. 


Because of CMOS’s low power requirements, battery power 
is ideal for the data logger. Average power dissipation of the 


DATA LOGGER 


SYNERTEK 
522 , BOARD 


6 
1/0 PORT 


MEM COUNTER RESET 
INCREMENT MEM 


MEM READ ENABLE 
FRAM RD 
RUN/HOLD 


Figure 2: Connecting 13-Bit Remote Data Logger to 
6522 1/O Port for Data Readout. 
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TSC7109 is only 10.5 mW, and the IDT 6116 is in its power- 
down mode (Isy = 20 wA) except for the time when CS is low. 
Power dissipation, therefore, is only about 15 mW. On-board 
battery operation allows modules to be exchanged at remote 
locations and returned to a central location for data removal 
and analysis without danger of data loss. | 


The TSC7660, a DC to DC converter, permits the circuit to 
operate from a single power supply. This CMOS device con- 
tains a switch matrix and on-board oscillator which converta 
positive voltage to negative polarity with a power efficiency 
of about 98%. Using the TSC7660, as shown in figure 3, per- 
mits the circuit to operate, for example, on two small 3-volt 
lithium cells. . 


“~~ 


TSC7109 V+ 


Vout 


~~ 


TSC7660 


Figure 3: For Single-Supply Operation, Use the 
TSC7660 DC to DC Converter 
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TSC426/427/428 SYSTEM 
DESIGN PRACTICE 


By David Gillooly 


The TSC426/427/428 fast switching times are made possible 
by a low impedance CMOS output stage. The high peak 
currents make 30 ns rise/fall times possible. 


The rapid rise/fall times do, however, require systems be 
designed with adequate power supply decoupling and stray 
lead inductance minimization. Practices which are adequate 
for 1 us rise/fall times and 20 mA peak currents will not be 
adequate with TSC426 family. The same laws of physics 
apply in both systems. The results may be negligible in one 
and of prime importance in another. 


For example, a 0.1 wH power lead inductance (4” of 0.025” 
diam. wire) can cause a voltage spike 1000 times larger ina 
fast system with an unbypassed supply. 


Low Speed System High Speed System 


Ls = 0.1 yH Ls = 0.1 4H 
A Vout = 18V A Vout = 18V 
t = 1ys t = 30ns 
IpK = 20mMA IpK = 600 mA 
C= 1000 pf C. = 1000 pf 
A Veupply = L-gr DVigb sigh _ 
- 2mV — 20V 


The system design practices needed are not difficult to 
apply. The simple good engineering practice of bypassing 
the power supply, minimizing stray lead inductance, and 
grounding unused driver inputs will solve most system 
problems. Nothing new is required-just a little careful applica- 
tion of techniques common to any high speed CMOS 
system. 


The TSC426 family outputs are CMOS. Low quiescent power 
and high output voltage drive (very important with 5 V 
supply operation) result. Since the outputs are CMOS the 
potential for activating a parasitic SCR exists. This must be 
avoided to prevent potential device destruction. If the 


Voc (PIN 6) 


P-CHANNEL 


—v OUTPUT 
INTERNAL 


“~~ TSC426 


N-CHANNEL 


GROUND (PIN 3) 


Figure 1: TSC426 Output. 


TSC426/427/428 


APPLICATION 
NOTE 25 


TSC 426 output, like any CMOS chip, is driven below ground or 
above the positive power supply an internal parasitic SCR 
can be turned on. The high current flow can damage the 
device. The actual TSC426 output stage is shown in Figure 1. 
The IC layout and simplified equivalent SCR circuit are 
shown in Figures 2 and 3. 


INTERNAL TSC426 
Voc GATE DRIVE 
O 


TSC426 OUTPUT 
O 


GROUND 


P-CHANNEL _N-CHANNEL 


Figure 2: Output Stage IC Layout. 


Voc (PIN 6) 


GROUND (PIN 3) 


Figure 3: Equivalent SCR Circuit. 


The IC parasitic SCR can be turned on if Dp is raised above 
Voc or if Dx is forced below ground. An inductive load at the 
output can also create a voltage swing at the output that 
exceeds the positive supply or undershoots ground. 


If the output is raised above the positive supply, current is 
injected into the emitter of Q1 and swept into the collector. 
The Q1 collector feeds the base of Q2 and R2. When the base 
of Q2 reaches 0.6 V Q2 turns on. This forces Q1 on. The SCR 
is now “fired” shorting the positive power supply to ground. 
A similar situation exists when the output is driven below 
ground. 


The internal SCR can also be triggered by excessive voltage 
on the power supply that results in internal voltage breakdown. 
The current injected can trigger the SCR action. 
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By limiting the current injected into the TSC426 output when 
the output is above the positive power supply latch up is 
avoided. The limiting current is: 


I< 2 BE = 
R2 Il RONP 

where: 

RONP = ON resistance of P channel device. (15 ohms 
maximum) 

VBE = Qo base emitter turn on voltage. 
(Approximately 0.6 V) 

R2 = Bulk resistance 


Assuming the ON resistance dominates, the current should 
be limited to 40 mA. A similar analysis with the output below 
ground indicates the current pulled out of the TSC426 out- 
put should be limited to 60 mA. The maximum allowable 
latch current is temperature sensitive. At high chip tempera- 
ture the base emitter voltages are reduced. A1°C rise lowers 
Vee by 2.2 mV. 


Current limiting with a series output resistor may not be 
practical in all systems. The output rise and fall times may 
increase. An alternate solution uses low forward voltage 
output clamp diodes to bypass the SCR trigger current 
around the device. 


External output clamp diodes prevent the TSC426 output 
from being pulled far enough outside the power supply 
range to turn on the parasitic SCR. (See Ap Note 31) 


MAKE CONNECTIONS CLOSE 


Pe TO DEVICE PINS 


SCHOTTKY DIODES 


CONNECT TO 
PIN 


MAKE CONNECTIONS 
CLOSE TO DEVICE PINS 


O OUTPUT 


_ MINIMIZE LEAD 
LENGTH TO 
POWER MOSFET 


TIE UNUSED INPUT TO GROUND 


The external diodes must have a lower forward on base to 
emitter voltage than the parasitic transistor junctions. 
Schottky small signal diodes are suitable. Several possible 
types are: | 

® Hewlett Packard: P/N 5082-2303 


® Motorola: P/N MBR120P 
@ Varo: P/N VSB52 (Four diode bridge) 


To be effective the output clamp diodes must be connected 
close to the output, supply and ground device pins. 


Figure 4: Diode Output Clamp Prevents SCR Action. 
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STRAY INDUCTANCE IN POWER SUPPLY 


Lg= 50 nH 


ASSUME: 
Alo =O.6A 
At =20ns 


di 9 0.6 
= LS = 50 (10-") ~~» = 1.5 V! 
AV Lt 50 (10 ) 20X10? 
STRAY INDUCTANCE IN POWER SUPPLY CAN CAUSE VOLTAGE AT vt 
TO EXCEED ABSOLUTE MAXIMUM RATING. SOLUTION IS TO BYPASS 
SUPPLY AS CLOSE TO PINS 6 & 3 AS POSSIBLE. : ' 


Figure 5: Stray Supply Lead Inductance Can Decrease 
Reliability. 


0.1 pf 
MONOLITHIC CAPACITOR 


TIE UNUSED INPUTS 
TO GROUND 


NOTES: 


1, LOW INDUCTANCE 0.1 uf CERAMIC DISK OR MONOLITHIC CAPACITORS 
2. BYPASS AS CLOSE TO PIN 6 & 3 AS PHYSICALLY POSSIBLE 

3. REMEMBER: UNUSED INPUTS SHOULD BE GROUNDED! 

4. BYPASSING IS IMPORTANT! 


‘Figure 6: Suggested Bypass Procedure. 


DS0026 


Figure 7: TSC426HasCMOS Inputs. Speedup 
Capacitors Are Not Required. 
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Supply bypass capacitors must also be connected between 
Vcc (Pin 6) and Ground (Pin 3). Connections must be close 
to the actual device pins (approx. 0.5”). A 0.1 uf ceramic disk 
capacitor in parallel with a 1 uf low ESR film capacitor is 
suggested. Without supply bypassing, power supply lead 
inductance can cause voltage breakdown. The bypass capa- 
citors also supply the transient current needed during capa- 
citive load charging. 


A 10 to 15 ohm resistor in series with the power supply filters 
voltage spikes present at the TSC426/427/428 supply terminal. 
Should latch up occur, this will also limit current. Rise and fall 
time will not be affected if the recommended supply bypassing 
is used. See Figure 8. 


The DS0026 has a bipolar input. A speed up capacitor is 
normally used to decrease switching time. Base storage time 
is reduced. The capacitor causes a voltage spike drive at the 
input that extends beyond Vcc or ground. The TSC 426 input 
is CMOS and does not require a speed up capacitor. In 
converting DS0026 sockets to the TSC426/427/428 the 
capacitor should be removed. This will maximize drive to the 
device and minimize transition time. Benefits include fewer 
components and reduced insertion costs. See Figure 8. 


10-15 OHMS 


0.1 ut AVX RAM GUARD 
d CERAMIC MLC 


INPUT O TSC426/ 


_T 427/428 


TIE UNUSED INPUTS 
TO GROUND 


Figure 8: R, Current Limiting Protects Device and Will 
Not Degrade Switching Speed. 


The TSC426/427/428 outputs feature a low impedance P 
channel pull-up MOS device and low impedance N channel 
pull-down MOS device. The low resistance outputs are 
responsible for the 30 ns rise and fall times. The CMOS 
construction minimizes current drain. 
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The output N and P channel devices should not be forced to 
conduct current simultaneously. This can happen if an 
unused input is left floating. Unused inputs must be connected 
to ground or the positive supply. A ground connection will 
minimize steady state supply current. This is common 
engineering practice followed in CMOS logic system 
design but is sometimes overlooked during a “quick” 

bench evaluation. Floating inputs cause excessive current 
flow and may potentially destroy the driver. 


The input drive signal should also have rise and fall times less 
than 1 ws. This minimizes time spent in the output stage 
transition region. 


Package Power Dissipation 


Input signal duty cycle, power supply voltage, and capacitive 
load influence package power dissipation. Given power 
dissipation and package thermal resistance the maximum 
ambient operation temperature is easily calculated. The 
CerDIP 8-pin package junction to ambient thermal resistance 
is 150°C/W. At 25°C the package is rated at 800 mW 
maximum dissipation. Maximum allowable chip temperature 
is 150°C. 

Three components make up total package power dissipation: 
® Capacitive load dissipation (Pc) 


® Quiescent power (Pq) 
@ Transition power (P+) 


The capacitive load caused dissipation is a direct function of 
frequency, capacitive load, and supply voltage. The package 
power dissipation per driver is: 


EQ. 1:Pc¢ = CVs 2 
where: F = switching frequency 
C = capacitive load 


Vs = supply voltage 


Quiescent power dissipation depends on input signal duty 
cycle. A logic low input results in a low power dissipation 
mode with only 0.4 mA total current drain. Logic high signals 
raise the current to 8 mA maximum. The quiescent power 
dissipation per driver is: 


EQ. 2: Pg= “s (D (ly) + (1-D) I) 
where: !,, = quiescent current with both inputs high 
(8 mA Max) 
I, = quiescent current with both inputs low 
(0.4 mA Max) 
D = duty cycle 
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TSC426/427/428 


Transition power dissipation is normally not significant. It Table 1: TSC426 Package Power Dissipation 
arises because the output stage N and P channel MOS Package Power Dissipation 
transistors are on simultaneously for a very short period CerDIP Package [6), = 150°C/W] 
when the output changes. The transition package power vagal | Pir 
dissipation per driver is approximately: Capacitive Input Supply Stage AC Spike Total Operating 
: = _ Load Frequency Voltage Power Power Power Power Temp 
EQ. 3: Pt = f Vs (1.63 x 107%) | [pF] [kHz] [V]_ [mW] [mW] [mW] [mW] [°C] 
An example shows the relative magnitude for each term. Both 1000 50 18 75 32 2 109 125 
drivers are driven with a 50% duty cycle signal at the same 1000 100 18 75 64 5 144 125 
nev. acitive is th f river. 1000 200 18 75 129 11 215 117 
frequency. Capacitive load is t esas or each d ive Aaa 406 ie ae oe o8 AEF oe 
Example 1: 1000 1000 18 75 648 58 = 781 32 
C = 1000 pf 1000 50 12 50 14 1 65 125 
Ve= 18V 1000 100 12 50 28 3 81 125 
oe ae 1000 200 12 50 57 7114125 
D = 50% | 1000 400 12 «©650s115——is15 18s 
f = 200 kHz 1000 1000 12 50 288 39 377 93 
Pp= Package power dissipation = Po + Py + Pa 2000 50 18 1 64 2 «(141 i 
= W +4 1000 1800 12 50 518 70 = 638 5 
= sag sy fe Sey 50 4000 18 75 129 234 438 84 
a ju 1000 100 18 75 64 5 144 125 
Max. operating temperature = Ty - Aja (Pp) 500 100 18 75 32 5 112 125 
= 123°C 500 200 15 63 45 9 117 125 
500 100 15 63 22 4 89 125 
where: 
‘Ty = Max. allowable junction temperature (150°C) Notes: 1. Duty Cycle = 50%. 
8), = Junction to ambient thermal resistance (150°C/W, 2. Each input driven. 
CerDIP) 3. Each output with load C. 
4. Ambient operating temperature should not exceed 85°C 
Table 1 gives the total package power dissipation for several for “IJA” device or 125°C for “MJA” device. 


different cases using the formulas developed above. If only 
one driver is active divide the package power dissipation 
numbers by two in Table 1. 
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TSC500 ADC 
APPLICATION 


NOTE 26 


By Wes Freeman 


Designers who need to convert analog signals to digital 
rapidly gain respect for the word “tradeoff.” At first glance, 
the wide variety of analog-to-digital converter (ADC) products 
available would indicate that the “perfect” ADC for any appli- 
cation is readily available. All of these products, however, 
involve tradeoffs in speed, power consumption, accuracy, 
price, and flexibilty, among others. These trade-offs are not 
mere specmanship, either. Speed, price, and power consump- 
tion, for example, can vary by orders of magnitude from pro- 
duct to product. 


The overriding ADC tradeoff is usually speed. Digitizing high 
speed signals typically requires a successive approximation 
or flash ADC. The designer must then accept the cost and 
power penalties which usually accompany these devices. 


Many analog phenomena, however, change slowly. Com- 
monly measured physical events, for example, include tem- 
perature, humidity, pressure, strain, and pH. The dual-slope 
integrating ADC is the typical choice for low speed conversion, 
due to its high resolution at low cost and low power. Even 
though a variety of dual-slope ADCs are available, tradeoffs 
can still occur because the analog sensors vary widely in reso- 
lution, linearity, output impedance, and output level. 


One solution to converting the wide variety of analog signals 
can be found in a flexible ADC. The TSC500, from Teledyne 
Semiconductor, contains all of the analog circuitry required 
for an integrating ADC. By transferring the digital portion of 
the ADC to the counters and software of a host processor, the 
TSC500 can be used to solve a wide variety of data conver- 
sion problems. 


COMPLETE 
INTEGRATING ADC 


OUTPUT 
BUFFERS 


SWITCH DECODER 
& CONTROL LOGIC 


COUNTERS 


The TSC500 gives the design engineer powerful control over 
the resolution/conversion-speed tradeoff, while adding flexi- 
ble input voltage scaling. Also, this flexibilty is made available 
at low cost and with only 10 mW power dissipation. 


A typical ADC and microprocessor interface is shown in 
Figure 1. Notice that the digital functions of the ADC are 
duplicated in the microprocessor. Replicating these circuits 
on the ADC simplifies software development, because the 
conversion result is merely read as One or more memory 
locations. Although the hardware interface also seems to be 
simple, the package size and large number of |/O lines 
necessary can be a real limitation in small systems or with 
single-chip microcomputers which are not bus oriented. 


Figure 2 shows the TSC500 and microprocessor interface. 
The counters, control logic, and most I/O functions have 
been moved to the microprocessor. Only three I/O lines are 
required, and both the size and cost of the ADC are reduced. 
More importantly, the designer can now specify the ADC 
resolution instead of selecting whatever is available in an 
existing product. 


The TSC500 permits control of the conversion’s resolution 
because resolution is determined by the host processor's 
software. With standard ADCs, resolution is determined by 
hardware on the chip. The designer who needs, for example, 
.04% resolution is forced to use a 12-bit ADC with .025% 
resolution. By using the TSC500, however, a 2500-count full- 
scale output is as easy to design as a 4096 count (12-bit) 
output, but yields a 40% increase in conversion speed. 


MICROCOMPUTER 


DATA-8 LINES 


COUNTER, 
TIMER 


CONTROL - 5 LINES 


Figure 1: Typical ADC Interface to uC 


17-91 


TSC500 ADC 


‘ANALOG 
FRONT END 
ADC 


SWITCH DECODER 


Figure 2: TSC500 Interface to uC 


The ability to select full-scale is useful for measuring outputs 
which do not fall readily into a binary sequence. One such 
example is the 150 degree Centigrade operating range limit of 
IC temperature sensors such as the LM35 from National Semi- 
conductor. By using a 1500 count ADC, the LM35’s output can 
be read directly in tenths of adegree Centigrade. Adjusting the 
ADC’s full-scale range to the sensor’s output in engineering 
units can simplify software for data analysis and display. 
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Figure 3: Functional Diagram of the TSC500 
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CONTROL 


The functional diagram of the TSC500 is shown in Figure 3. 
The design features include low leakage CMOS switches, high 
impedance input buffer, integrator op-amp, two-stage com- 
parator, and digital control logic. These components, pack- 
aged ina 16-pin DIP, form the analog section of an ADC whose 
resolution can extend from less than 8 to greater than 14 bits. 


CONTROL: LOGIC 
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The CMOS switches permit very flexible input and reference 
voltage applications. During the signal integrate phase, the 
two SWI switches connect Vin to the input buffer and VIN to 
the integrator. These connections provide a fully differential 
signal input, within the common-mode input range. The 
signal input common-mode range extends from (vg minus 1.5) 
to (Vs plus 1.5 V), providing an easy interface for bridge- 
type and other differential input applications. 


A reference capacitor and switch matrix combine to also ease 
reference voltage limitations. During autozero the SWRC 
switches close, charging the reference capacitor to VRer. 
Then, during deintegrate, the SWRI switches connect Crer to 
the buffer input. Because Crer isolates the reference inputs 
from the buffer, there are no common-mode limitations on the 
reference voltage. Tne REFHI and REFLO inputs can therefore 
be located anywhere within the power supply range. 


The differential reference is especially useful for bridge appli- 
cations, because the reference can be derived from the same 
voltage that drives the bridge. Changes in the bridge driving 
voltage will not, therefore, affect the ADC’s output. Since there 
are no common-mode limits on the reference inputs, simple 
ratiometric resistance measurements are also possible. 


The reference capacitor also combines with CMOS switches 
to produce a bipolar reference from the single-polarity refer- 
ence inputs. Four SWDI switches in a bridge configuration 
connect Creer to the buffer input. By the closure of opposing 
pairs of switches, Crer can be connected as either a positive or 
a negative voltage. When the TSC500 deintegrate phase is 
selected, control logic samples the integrator polarity. Internal 
control logic then closes the appropriate pair of SWRI switches 
to select correct reference polarity. 


The TSC500’s excellent input characteristics are also a func- 
tion of the low leakage, low noise metal gate CMOS process. 
Input bias current is only 10 picoamperes maximum, while 
input noise is typically limited to 30 microvolts peak to peak. 
Input buffer linearity is critical for system performance, so a 
class A output stage is used. The buffer output can supply 20 
microamperes of current with negligible nonlinearity. 


The main limitation in the conversion time of an integrating 
ADC is comparator response time. Although the TSC500’'s 
targeted response time of four microseconds is three orders 
of magnitude below the speed of available bipolar products, 
several constraints combine to make the design task difficult. 
First, the comparator must resolve about 50 microvolts in a 
slowly changing ramp, instead of the millivolt-level step 
response usually specified in comparator specs. Also, the 
comparator must operate on less than 400 microamperes of 
supply current, and be fabricated in a low-noise CMOS pro- 
cess. Finally, the comparator should be unity gain stable to 
minimize oscillation during the autozero phase. 


TSC designers solved the high-gain/fast-response dilemma 
by utilizing two comparators. The first comparator is unity- 
gain-stable, and is included in the autozero loop. The second 
comparator, operating open loop, provides the CMOS output 
levels required. In both comparators, cascade gain stages 
were used to minimize Miller capacitance and improve speed. 


TSC500 ADC 


Input offset voltage (Vos) of the buffer, integrator, and com- 
parator #1 are unimportant because the errors are stored 
during the autozero phase. Comparator #2 is not in the auto- 
zero loop, however, so its Vos must be minimized to reduce 
potential rollover and zero-offset problems. The input FETs of 
comparator #2 were therefore implemented as a cross- 
coupled quad, with close matching of devices and isothermal 
orientation. The combination of careful layout, low power 
dissipation on-chip, and the fact that comparator #2’s Vos is 
attenuated by the gain of comparator #1 ensure that rollover 
errors are held to less than .01% maximum for a 4 1/2 digit 
conversion. 


The TSC500’s only feedback path to its host microprocessor is 
via the comparator output. This output must, therefore, relay 
both polarity and zero crossing information. For large input 
signals the method is straightforward. The comparator status 
is read and stored prior to deintegrate, which establishes 
polarity. After the ADC is switched to deintegrate mode, the 
comparator output is monitored for the polarity reversal that 
signals zero crossing. . 


This method can fail for signals near zero, however, espe- 
cially in the presence of normal mode noise. In this case, the 
comparator state can change several times during signal 
integrate. If a polarity reversal occurs between reading of 
polarity and start of deintegrate, the zero crossing will not be 
detected. This method also makes the polarity of the edge 
that signals zero crossing dependent on input polarity, which 
complicates the generation of interrupts. 


A unique output circuit, shown in Figure 4a, solves both of 
these limitations. When the deintegrate phase is selected, 
comparator #2’s polarity data is latched into an internal flip- 
flop. The inverting output of the flip-flop drives an exclusive- 
OR gate which ensures that, at the beginning of deintegrate, 
the comparator output will be driven to a logic high state. 


COMPARATOR NO. 2 
COMPARATOR NO. 1 > 


COMPARATOR 
OUTPUT 


DECODER & 
SWITCH DRIVERS 


Figure 4a: Simplified Schematic of TSC500 
Comparator 
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Figures 4b and 4c show the TSC500’s comparator output for 
both positive and negative polarity inputs. Notice that po- 
larity status is still valid before deintegrate begins. Even if 
polarity changes while the comparator output is being read, 
indicating an input very near zero, the comparator will still 
switch states when entering the deintegrate phase. In addi- 
tion, zero crossing is always signalled by a negative-going 
transition of the comparator output. The negative-edge output 
is consistent with the interrupt structure of many common 
microprocessors. | : a 
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Figure 4b & c: Comparator Output Waveforms 


This unusual comparator circuit conveys both polarity and 
end of conversion information. For a positive input the com- 
parator will be in a high state during integrate (b) while fora 
negative input the output is low (c). In either case, the exclu- 
sive OR gate (fig. 4a) ensures that the comparator output will 
go high when deintegrate begins. 


Table 1: TSC500 Control Inputs, Converter State, and 
Internal Switch Status. 


Con- 

Control version Internal Analog Switch Status 

Logic Phase 

A B SWi SWar SWai SWz SWa SW SWiz 
Zero 

0 0 Inte- ClosedClosed 
grator 

0 1 Auto- Closed Closed Closed 
zero 
Signal 

1 0 Inte- Closed 

grate 

1 $4 Deinte- Closed* Closed 
grate 


“Assumes positive-polarity input signal. For negative input signal, 


SWRi is closed. 
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The TSC500’s two logic inputs control the phases of the inte- 
grating analog-to-digital conversion. (For further information 
on dual-slope A/D conversion, see appendix A of Teledyne 
Semiconductor Application Note AN-23). As shown in Table 1, 
the TSC500 adds an additional phase, zero-integrator, to the 
conventional autozero, signal. integrate, and deintegrate 
phases. The zero-integrator mode can greatly reduce one of 
the integrating ADC’s drawbacks, slow recovery from:an input 
overrange condition. Slow overrange recovery is a problem 
when several inputs are multiplexed into one integrating ADC, 
because an overrange on one channel will affect the accuracy 
of other channels. . 


The source of the integrating ADC’s slow input overrange 
recovery is shown in Figure 5. Under normal conditions, the 
integrator ramps up during signal integrate, then back to.zero 
volts during deintegrate (Figure 5a). When the signal input 
exceeds full-scale, however, the integrator output does not 
reach zero volts before the end of deintegrate (Figure 5b). If 
the ensuing autozero period is not long enough to discharge 
the integrator to zero volts, succeeding conversions will pro- 
vide erroneous data. The zero-integrator phase, on the other 
hand, provides a rapid discharge of the integrator error vol- 
tage (Figure 5c). This speedup occurs because, during zero- 
integrator, the integrator is actively driven toward zero volts. 
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Figure 5: TSC500 Integrator Output Waveforms 
During: | a 
(a) Normal Operation 
(b) Input Overrange 
(c) Input Overrange with Zero Integrator Cycle 


The integrator output normally returns to 0 Vat E OC (a), but 
an error voltage remains if the input is overranged (b). Adding 
a zero integrator cycle speeds overrange recovery (Cc). 
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Figure 6 demonstrates the difference between autozero and 
zero-integrator operation. During autozero, the buffer'’s input 
is connected to circuit common (Figure 6a). Disregarding 
offset voltage, the buffer’s output will be zero volts. Any charge 
remaining on the integrator capacitor after deintegrate must 
discharge through Rint, and the time constant is quite long. 
The zero-integrator phase speeds the error recovery by con- 
necting the buffer input to comparator #1’s output. Since the 
comparator output swing is greater than plus/minus four volts, 
discharge time is greatly reduced. Zero integrator must be 
followed by autozero, so that the buffer offset is cancelled. 
Typically, if 20% of the normal autozero period is devoted to 
zero-integrator following an overrange, then the integrator 
capacitor will be discharged. 


Integrating ADCs are suitable for both system and display 
applications. The system ADC is typically part of a micropro- 
cessor based system, with the ADC accessed via a data bus or 
input/output (I/O) port. System ADCs typically produce binary 
data, and have three-state, bus compatible outputs. Display 
converters, on the other hand, are most often used as the heart 
of a dedicated instrument such as a digital multimeter. Display 
converters typically operate with decimal data and have 
binary-coded decimal (BCD) or seven segment outputs for 
easy interface to a visual display. 
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Figure 6a: TSC500 Simplified Schematic During 
Auto-Zero 
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Figure 6b: TSC500 Simplified Schematic During Zero 
Integrate 


Overrange recovery is slow in auto-zero because the buffer is 
connected to 0 V (a). The zero integrator phase connects the 
buffer to the comparator output to actively discharge the 
integrator (b). 
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The TSC500’s flexibility permits it to be used in both system 
and display applications. Combined with a microprocessor I/O 
port, the TSC500 forms a binary ADC with resolution of 8to 14 
bits. Conversion rates of the binary ADC range from 400 down 
to 5 per second, while the high impedance signal inputs and 
differential reference ensure flexibility in measuring a variety 
of analog sensors. 


When teamed with a single-chip microcomputer, on the other 
hand, the TSC500 can form an equally flexible display conver- 
ter. Features which are difficult to implement with a dedicated 
display ADC become easy with the analog front end approach. 
Desireable features for a hand-held multimeter, for example, 
might include autoranging, bargraph display, relative mea- 
surements with decibel conversion, or programmable limits 
with buzzer alarm. Adding features in software can reduce 
development costs for a product family, as well as permitting 
product differentiation. 


An example of the TSC500 used as a system ADC is shown in 
Figure 7. Only three active and ten passive components are 
required, in addition to the uP I/O port, to form a very flexible 
ADC. Since the TSC500 is available in a 16-pin DIP, PCB area 
is actually less than that required for a dedicated but less flexi- 
ble ADC. 


All of the analog components, except the reference, are con- 
tained in the TSC500. The passive components are inexpen- 
sive, and critical tolerances are not required. The integrating 
capacitor, Cint, must have very low dielectric absorption, so 
polypropylene is recommended. The other capacitors can be 
polypropylene, MYLAR, or other low. leakage film type. 


The ADC’s reference voltage is provided by two TSC9491s, 
which operate like a 2.44 volt Zener diode. Requiring a mini- 
mum bias current of only 50 wA, the TSC9491 is available in 
temperature coefficient grades of 50 or 100 ppm/°C. If the 
ADC's reference voltage is less than 1.22 V, only one TSC9491 
is required. 


Although the TSC500 requires +/-5 V power supplies, the cir- 
cuit operates with a single +5 V connection. A monolithic DC 
to DC converter, the TSC7660, combines with two electrolytic 
capacitors to convert a +5 V input into -5 V. The TSC500 only 
requires 1.5 mA of supply current, so the TSC7660 provides a 
voltage conversion efficiency of about 98%. Eliminating a 
separate -5 V supply reduces power supply bulk and expense, 
as well as simplifying power distribution and PCB layout. 


The uP 1/0 device is a Synertek SY6522, which contains two 
bidirectional 8-bit 1/O ports, four interrupt control/nandshake 
pins, two 16-bit timers and a shift register. Only four I/O bits, 
one interrupt input, and the timers are used for the ADC inter- 
face. The remainder of the !/O port functions are available for 
selecting multiplexed inputs, accessing a visual display, or 
other functions. 


The TSC500/SY6522 interface only requires three digital con- 
nections, which is a significant advantage when the ADC is 
located some distance from the I/O port. Two SY6522 I/O bits, 
configured as outputs, control the TSC500’s dual slope inte- 
gration algorithm. The comparator output can either be read 
by polling an input port or by generating an interrupt. In most 
cases the interrupt would be used, of course, but input polling 
is useful while debugging software. | 


TSC500 ADC 
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Figure 7: TSC500 Interface to a Typical uP I/O Port 


The circuit makes use of both of the SY6522’s counter/timers. 
Timer #1 is used to generate the ADC clock pulses, while timer 
#2 functions as the ADC’s counter. The frequency output of 
timer #1 therefore controls the ADC conversion speed, while 
the binary number loaded into the counter determines the 
ADC resolution. During deintegrate, the count in timer #2 
when the comparator output switches to a logic low state Is 
proportional to the analog input voltage. 


Timer #1 operates in its “free running” mode to generate the 
ADC clock. In this mode, the uP’s clock is divided by a 16-bit 
integer stored in the T1 latches. The result is a square wave out- 
put on pin PB7. The clock frequency can be modified, by 
changing the divider constant, to adjust conversion speed OHO 
reject specific normal mode noise frequencies. 


Counter/timer #2 is programmed for its pulse counting mode. 
When a number is loaded into the T2 latches, the counter will 
decrement with each negative pulse on input PB6. Connecting 
PB7 to PB6 permits the counter to operate at the frequency 
programmed into Timer #1. An interrupt flag is set when the 
counter underflows, signalling the end of each measurement 
cycle. 


As mentioned previously, the TSC500 hardware combines 
with uP software to form an ADC. Software for the circuit, 
written in 6502 assembly language, is shown in Listing 1. The 
logic flow is shown in Flowchart 1. This program will produce a 
12-bit conversion, but the resolution can easily be increased 
or decreased. 
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12-bit Analog to Digital Conversion Software for the TSC59@ ADC, 
controlled by a 6592 Microprocessor and 6522 1/0 Port 


8499 A289 AZ LDX 49 


;load pointer for autozero 
9482 86A2 STX OVRFLG ; first, clear overflow flag 
9494 205304 JSR SETCNT ;set TSC5@@ & counters for A-2Z 
8497 A929 LDA #298 sloop until 
$499 2CB8DAd AZLP BIT IOPT+@DH autozero phase 
G49C FOFB BEQ AZLP ; is complete 
G4BE A291 INTGR LDX $1 ;load pointer for integrate - 
419 295894 JSR SETCNT phase and begin 
9413 A928 LDA $298 ;wait to complete 
9415 2C8DAS INTGRLP BIT IOPT+@8DH ; integrate 
8418 FOFB BEQ INTGRLP ; phase 
@41A ADIBAD DEINT LDA IOPT ;Clear INT from CBl 
841D 85Al STA SIGN ; and save sign bit 
O41F A282 LDX #2 ;set up 
@421 205894 JSR SETCNT deintegrate phase 
2424 A991 . DEINTLP LDA #21 ;has comparator changed 
8426 2CBBAI BIT IOPT ; state, indicating EOC? 
9429 FOBA BEQ READEOC ;yes, get results 
$42B A920 LDA #2908 sno, so test 
42D 2CBDAB : BIT IOPT+@DH ; for timeout of 
@439 FRF2 BEQ DEINTLP timer #2 
@432 4CO8B4 JMP AZ ;timer overflow, input overranged 
9435 ADSBAD READEOC LDA IOPT+88 ;read the 16- bit value 
8438 ACB9IAB LDY IOPT+9 ; in timer 2 : 
9438 CDBBAS CMP IOPT+8 ;read lo byte again 
@43E B86 BCS EOCOK ;2nd reading lower is correct 
9449 CCH9AB CPY IOPT+9 ;1£ 2nd reading higher, did 
9443 FOBL BEQ EOCOK ; hi byte change? 
8445 CB INY ; if£ yes, add one to hi byte 
$446 85A2 EOCOK STA RESULTLO ;store ADC result 
@448 B4A3 STY RESULTHI ; in RAM 
G44A EGA INC OVRFELG ;8et no-overrange flag 
@44C AIB2 ZEROCR LDA #A2Z10 ;end of deintegrate, so set 
B44E 8DB1AB STA 1OPT+1 TSC58@ to autozero 
8451 A928 ZERLPL LDA $298 ;wait until counter 
9453 2CBDAB BIT IOPT+@DH ; overflow indicates 2899 
9456 FEO BEQ ZERLP1 3 counts of deintegrate 
9458 4C9894 JMP AZ ;do another conversion 
945B BD@Ss88 SETCNT LDA PHZCNT,X ;enter this routine with ADC 
G45E 8DP1LAD STA IOPT+1 ; phase in X reg as a pointer to 
9461 E8 INX ; a table which contains the 
9462 BDOG88 LDA PHZCNT,X ; TSC599 control bits and timer 
9465 8D8BAR ‘STA IOPT+8 constant for each phase 
9468 E8 ; INX: .;set TSC588 to desired phase, 
$469 BD#258 LDA PHZCNT,X ; load 6522 down-counter, 
@46C BDB9IAR STA IOPT+9 and return 
O46F 68 RTS 
9899 ORG 899H ;Table for TSC589 control. 
9899 82988881 PHZCNT DB 2,98,898,1 ;bits and counter values 
9804 98998839018 DB 99,98,3,09,188 


Listing 1: Software for 12-bit ADC with TSC500 and 6502 uP 
Combine this software with the hardware of Figure 7toforma . 
12-bit ADC. The converter’s resolution can be adjusted by 
changing the counter values stored in the “PHZCNT’” table. 
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LOAD TIMER WITH DEINTEGRATE COUNT, 
RESET INTERRUPT FLAG FROM TSC500 
COMPARATOR, SET TSC500 TO DEINTEGRATE PHASE 


ZERO 
CROSSING 
? 
READ 16-BIT COUNTER VALUE <at> 


COUNTER 

UNDERFLOW 

DURING 2-BYTE 
READ? 


ADD ONE TO HIGH BYTE 


SET TSC500 TO AUTO-ZERO 
WAIT FOR TIME-OUT OF DEINTEGRATE PHASE 


Flowchart #1 


Before the actual conversion can begin, some housekeeping 
tasks must be completed. These tasks, not shown in the listing, 
include setting I/O ports, configuring timers, and clearing 
interrupt flags. Once initialization is completed, the analog-to- 
digital conversion process can begin. 


The conversion software begins by placing the TSC500 in its 
autozero mode. For a 12-bit converter the autozero cycle is 
2048 counts, so the counter registers are loaded with this value. 
The counter immediately begins decrementing at the square 
wave frequency and the uP waits for the counter underflow 
that signals the end of autozero. 


The signal integrate phase is identical to autozero, except for 
placing the TSC500 in signal integrate mode. The integrate 
cycle is also 2048 counts, and the integrate period is selected 
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to provide optimal normal mode noise rejection. After the sig- 
nal integrate cycle is complete, deintegration begins and the 
analog input value is determined. 


The deintegrate cycle begins by reading the comparator out- 
put. This action serves a dual purpose. First, the comparator 
state at the end of signal integrate establishes input polarity. 
Second, reading the input port resets the corresponding inter- 
rupt bit. The next negative edge on the comparator output will 
set the interrupt flag and signal the zero crossing. 


Deintegrate continues by placing the TSC500 in its deintegrate 
mode and again loading the down counter. For a 12-bit con- 
version the counter value is 4096. The software then begins 
testing for zero crossing and end of conversion. 


In the deintegrate loop, a test is first made for zero crossing. If 
the interrupt bit which corresponds to the comparator is not 
set, then the program tests for counter underflow. The pro- 
gram continues to loop until either zero crossing or counter 
underflow occurs. 


When zero crossing occurs, the contents of the down counter 
represent the analog conversion result. The counter value is 
therefore transferred to memory for further processing. A 
memory location is also incremented to indicate that zero 
crossing has occurred. This memory location can be tested 
during autozero if the user wishes to include an optional zero- 
integrator phase. : 


Rather than stopping and restarting the counter, the registers 
are read “on the fly.” Several steps are required to ensure that 
data does not change between reading the high and low bytes. 
If the high order byte changes between readings, the result 
would be 256 counts of error. The program therefore reads the 
counter registers twice, and tests for a borrow occurring 
between the two read operations. If the high byte has changed, 
a correction is applied before data is stored in memory. 


Once the conversion result is stored, the program again waits 
for the deintegrate phase to end. When the counter under- 
flows, the conversion cycle is complete. The program loops 
back to autozero if another conversion is desired, or jumps to 
software which processes the ADC data. Since timer #2 is a 
down counter, the stored data must be subtracted from 4096 to 
get the actual analog input. 


The software shown in Listing 1 keeps the uP in a continuous 
loop during conversion. In normal practice the conversion 
would be interrupt driven, so that the uP would be free for other 
tasks. To convert the software to interrupt operation, routines 
must be added which will recognize interrupt sources and also 
keep track of the conversion phases. 


The TSC500 interface only requires a small portion of the I/O 
port's available functions, so additional features are easy to 
add. Figure 8 shows one possible expansion by adding input 
multiplexers for eight differential analog signals. A four digit 
LED display is also included. The TSC701AM accepts BCD 
data, decodes the data to seven segment display format, and 
provides 28 LED segment driver outputs with 18 mA current 
capability. Placing CA2 in its pulse output mode will latch data 
into the TSC701AM simply by writing to port A. Four bits of I/O 
are still available for controlling motors, heaters, valves, etc., or 
for monitoring digital inputs. 


TSC500 ADC 


is | 


TSC500 


SY6522 


Figure 8: 8-Channel Data Acquisition System 


TSC500 Comparator Behavior After 
Zero Crossing 


The TSC500 comparator is.designed to produce a negative- 
going edge-triggered output which signals the end of con- 
version. This transition occurs during the deintegrate phase, 
when the integrator output passes through zero volts. In most 
cases, the result will be a single negative-going transition. 
Occasionally, however, and especially in a noisy electrical 
environment, the comparator may make more than one 
transition. 


Multiple comparator pulses are seldom a problemina micro- 
processor sytem, since most uPs will not respond to a second 
interrupt until the first one is serviced. The service routine 
then disables the interrupt until the next deintegrate cycle, so 
additional comparator transitions are ignored. | 


Problems do occur, however, in circuits built with discrete 
logic. If the unbuffered negative comparator edge is used to 
transfer data to latches, for example, multiple transitions will 
produce erroneous data. More importantly, additional transi- 
tions during auto-zero and integrate cycles will make the 
latched data meaningless. Therefore, designers of non-uP 
TSC500 systems should provide logic which will ensure that 
end of conversion is only determined by the first negative 
comparator transition which occurs after the TSC500 is 
placed in deintegrate mode. 


Photograph #1 demonstrates the TSC500 comparator output 
at the end of aconversion. As the integrator output (top trace) 
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passes through zero volts, the comparator output (bottom 
trace) goes from a high to a low state. In this example, only a 
single negative-going transition was observed. 


After zero crossing, Photograph #1 shows that the integrator 
overshoots zero volts, continuing downward until the TSC500 
is switched to zero-integrator mode. The ZI cycle rapidly dis- 
charges the overshoot error voltage, preparing the TSC500 for 
its next conversion cycle. After a short period of time in Zl, 
however, the comparator begins to oscillate. External circuitry 
which latches data at each falling edge of the comparator will 
now latch erroneous data. Additional gating of the comparator 
output, as outlined above, will prevent this error. (Note that the 
oscillations observed are comparator #2. This does not imply 
that the ZI loop, which uses feedback from the output of com- 
parator #1, is unstable). 
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NUMERICAL-INTEGRATION 
TECHNIQUES SPEED DUAL-SLOPE 


A/D CONVERSION 
By Gary Grandbois and Wes Freeman 


By using low-cost microprocessors and a program-controlled 
numerical-integration technique, you can achieve good noise 
rejection and take full advantage of the higher speeds offered 
by recently developed dual-slope A/D converters such as the 
TSC7109. 


This and similar converters overcome the speed limitations 
imposed by logic-gate and analog-comparator delays in ear- 
lier dual-slope devices, and the modern units can operate at 
rates as high as 30 to 100 samples/sec. Nevertheless, operating 
them at their maximum conversion rates often makes it difficult 
or impossible to achieve the high normal-mode line-frequency 
rejection that dual-slope A/D converters inherently offer at 
slower conversion rates. Thus, noise considerations have 
often precluded use of these converters at their rated speeds — 
especially in industrial environments, where line-frequency 
and other low-frequency noise components can be a particu- 
lar problem. 


Normal-Mode Line-Frequency Rejection 


To understand normal-mode line-frequency rejection in 
dual-slope A/D converters, consider a typical 12-bit conver- 
ter (Figure 1a) and its timing diagram (Figure 1b) for one 
conversion cycle. Note that the conversion depends on 
charging the integrating capacitor during a fixed time inter- 
val; the number of counts necessary to discharge the capaci- 
tor to zero is proportional to the input voltage. 
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APPLICATION 
NOTE 2/7 


The integrating A/D converter integrates the signal only ina 
certain time window, as Figure 1b shows. This limited inte- 
gration period results in normal-mode noise rejection only 
when the integration period is equal to one or more periods of 
the noise signal (Figure 2a). The time integral of this noise 
over integer multiples of the noise period is, of course, zero. 


Normal-mode noise-rejection performance can thus be 
represented as a function (Figure 2b) that reaches peaks at 
the fundamental and harmonic frequencies of the period 
defined by the signal-integrate time T. The minimum period 
T, which must equal the noise period, has been the limiting 
factor for conversion speed. At 60 Hz, for example, the mini- 
mum signal-integrate time is 16.7 msec; at 50 Hz, it’s 20 msec. 


Because the signal-integrate time is only a portion of the total 
conversion time, conversion rates are significantly less than 
1/T. A standard, high-performance, dual-slope A/D conver-. 
ter includes a reference deintegrate phase, typically 2T long, 
and an autozero period equal to the signal-integrate period T. 
The total conversion time is thus 4T, which, for 60-Hz rejec- 
tion, yields a maximum conversion rate of 15 samples/sec; 
for 50 Hz, it yields 12.5 samples/sec. 


The most serious constraint arises when you want to offeran 
instrument for international use that can reject both 60 and 50 
Hz. This feature is attainable only when the signal-integrate 
period T can contain six cycles of 60-Hz noise and five cycles 
of 50-Hz noise. The resulting 100-msec signal-integrate 
period dictates a 2.5-conversion/sec rate. 
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Figure 1: A dual-slope A/D converter operates by charging a capacitor from the input voltage during a fixed time, - 
then discharging it to zero. The number of clock periods in the discharge time corresponds to the analog input vol- 
tage. The size of the integrating time window determines which normal-mode noise signals are rejected. 
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Figure 2:Ina dual-slope A/D converter, high normal- 
mode noise rejection occurs when the integration 
period is a multiple of the noise signal’s period. 
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APPLICATION NOTE 27 


You can, however, overcome the inherent conversion-speed 
limitation of integrating A/D converters. A microprocessor 
with program-controlied numerical integration that compie- 
ments the A/D converter’s analog integration will speed dual- 
slope conversion considerably. 


You can achieve high normal-mode rejection for specific fre- 
quencies with this method if three conditions are met. First, 
the signal-integrate period must be defined such that noise 
integration takes place on a segmented basis. In Figure 3a, 
for example, the integrate window opens on a noise-wave- 
form segment that’s one-third of a period long. 


Next, the second signal-integrate period must begin at a 
point corresponding exactly to the point at which the first one 
ended, and the third’s beginning must correspond to the 
point at which the second ended. This condition can be met 
only if the A/D converter has a fixed conversion time, irre- 
spective of the signal input. Finally, the microprocessor must 
sum all three conversions to achieve the total integration ofa 
cycle of noise. A consideration of all these constraints for the 
TSC7109 A/D converter, for example, leads to the relation- 
ship 
1 4C 
fnoise = —~ = —— 
XT X 

where C is the conversion rate, f the noise frequency and X 
the number of conversion results added. X must be an odd 
number; Figure 3b shows why X cannot be an even number. A 
frequency that would require an even number of samples is 
one at which the integrate window is locked in phase with the 
signal (ie, the converter and signal periods are synchronizeq). 
For CV = (fNoise) (X/4) and X= 2 (as in Figure 3b), the result is 
two times the error of one conversion. - 


S(INT 1+ INT 2+1NT3)=0 
3t 


CONVERSION RATE = 4 


Z(INT 14+ INT 2) = 2 INT 1 
2f 


CONVERSION RATE = 7 


Figure 3: Data-conversion systems employing a numerical-integration technique furnish noise rejection when an 
odd number of samples are summed (a). Adding the results of two conversions, though, can yield twice as much 
error aS does one conversion (b) if the A/D converter and noise frequency are synchronized. 
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SPEED DUAL-SLOPE A/D conversion A/D CONVERTERS 


To achieve the desired normal-mode rejection, you must, 


therefore, sum an odd number of A/D-converter results. You 
100 mSEC KY 


interactive software. Consider an example using a TSC7109 
A/D converter operating at 22.5 samples/sec. The equation 
yields the results in Table 1. 


As Table 1 indicates, an A/D converter operating at 22.5 
samples/sec can reject harmonics of 10 Hz if you maintain a 
rolling average of nine samples. This technique rejects 50 and 
60 Hz; it’s equivalent to one sample taken at the rate of 2.5 
— “ONE SAMPLE. samples/sec. The curves in Figure 4 show the normal-mode 

11.1 mSEC A . * 

SIGNAL rejection resulting from 1- and 9-sample averages at the rate of 


pharpbr olde 22.5 conversions/sec (or one sample at 2.5 conversions/sec). 


Table 1: TSC7109 at 22.5 Samples/Sec 
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Figure 4: The normal-mode-rejection capability i//us- In Hz Samples Summed 
trated by the upper curve here demonstrates the effec- 
tiveness of taking nine conversion samples; the system 90 1 
that the curve represents rejects noise at all multiples 30 3 
of 10 Hz. The lower curve shows the result of acquiring 
only one sample and employing an 11.11-msec signal- 18 5 
integration period. 
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NOTES: 
© A/D CONVERTER UPDATES AT 22.5 CONV/SEC 
@ DISPLAY UPDATES AT 2.5 CONV/SEC 
@ OUTPUT IS AVERAGE OF 9, 18, 27, 36 OR 9 n CONVERSIONS 
e REJECTS BOTH 50 AND 60 Hz 
e CONTINUITY BUZZER RESPONDS IN 90 mSEC MAX (2 CONVERSIONS) 
@ RANGE CHANGES IN 44 mSEC 
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Figure 5: This 3 3/4-digit multimeter uses a numerical-integration technique to reject both 50-and 60-Hz normal- 
mode noise. Although the DMM'’s display updates at 2.5 samples/sec, conversions take place at 22.5 samples/sec. 
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What's the point, you may ask, of sampling at the higher rate if 
you must wait for the result during a 9-period numerical inte- 
gration? After the first 9-period wait, the system’s pipeline is 
full, and you can then obtain a new result for each cycle at the 
22.5-samples/sec rate. . 


The numerical-integration technique has many practical 
applications. The Figure 5 circuit, for example, is a 3 3/4 digit 
DMM that uses a TSC7109 13-bit A/D converter. The DMM 
updates the display at a 2.5 sample/sec rate for easy reada- 
bility, yet it converts at a 22.5 sample/sec rate for fast response 
during autoranging and continuity checking. Because the 
circuit averages nine samples, it rejects both 50- and 60-Hz 
noise. Because it can carry a rolling average, the uP is capable 
of changing the number of conversions summed; it can there- 
fore accommodate specific, user-programmable rejection 
frequencies. 
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APPLICATION NOTE 27 


Figure 6 shows connections for a system using the TSC7109 

in conjunction with a 6502 processor and 6522 peripheral in- 

terface adapter. The adapter’s programmable timer provides 

the A/D converter’s clock, thereby simplifying testing of 

noise rejection with different clock frequencies. This circuit 

allows you to evaluate numerical-integration-based designs 

using either a general-purpose »P-development system ora 

prototyping board (eg, Rockwell’s AlIM-65). Figure 7 shows 

the assembly-language listing for the system; the flowchart . 
appears in Figure 8. 


Table 2: 16-Channel Multiplexer 


X Channels Scanned 
3 13 

5 | 16 | 

7 | 15 

9 10 
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Figure 6: You can evaluate numberical integration with the circuit detailed in this schematic. The 6522 peripheral- 
interface adapter provides clocking and the uP interface for the dual-slope A/D converter. i 
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0940. ASM 


0000 
000 ; SOFTWARE TO DEMONSTRATE NUMERICAL INTEGRATION 
0000 ; USING THE TSC7109 INTERFACED 10 A 6502 
0000 ; MICROPROCESSOR VIA A 6522 1/0 PORT 
9000 ; RESULTS STORED AT ‘RESLT’ IN ZERO-PAGE MEMORY 
0000 5 USER HUST PROVIDE INTERRUPT VECTOR FROM THE 
0000 ; 6522'S CAl INTERRUPT TO SVC ROUTINE AT "INTSVC” 
0000 
0000 SYSTEM EQUATES 
Ag00 1aPT OARO0H ADDRESS OF 6522 1/0 PORT 
0080 80H RESERVE ZERO-PAGE MEMORY 
0080 RESLT 3 ;16-BIT ACCUMULATOR FOR RESULTS, 1 BYTE FOR SIGN 
0083 STORK ! jSTORABE FOR LOOP COUNTER 
0084 STORHI 1 SAVE HIGH BYTE 
0280 0280H sSET UP 1/0 PORT TO CONTROL 1SC7109 
0280 AICO CLOCK #OCOH ;PBG & PB7 ARE OUTPUTS, 
0282 8D00AB 10PT ; PB7 IS THE TIMER 1 OUTPUT 
0285 8D02A8 1OPT +2 ; (FOR 7109 CLOCK) 
0288 SDOBAB TOPT+0BH SQUARE WAVE OUTPUT ON PB-7 
O2BB AILZ #12H jLOAD THE CONSTANT FOR 
0280 8004A8 TOPT+4 ; CLOCK TIMER 
0290 20FA02 SETREG ;INITIALIZE MEMORY REGISTERS 
0293 BDOSAB 1OPT+5 } START THE 7109 CLOCK 
0296 AI8Z 482H ;ENABLE INTERRUPT FROM 
0298 BDOEAS TOPT+0EK + 6522 CAL INPUT 
9298 402303 MAINPRE ;1/0 PORT SETUP COMPLETE, SO 
029E ; JUMP TO 0.8, OR TO MAIN PROGRAM 
O29E INTERRUPT SERVICE ROUTINE 
0280 O2B0H 
0280 ADOOAB INTSVC 1OPT SET HIGH BYTE 
0283 AA jSAVE IT 
0284 290F #0FH sTERO MSBs FOR ARITHMETIC 
0286 8584 STORHI SAVE IT 
0288 8A sGET SIGN BIT BACK 
02B9 2910 #10H ANALOG INPUT NEGATIVE? 
O2BB F017 SUBTR ; YES, SQ SUBTRACT 
0280 18 RESULT POSITIVE SO ADD 
O2BE A580 RESLT sGET LS BYTE OF THIS CONVERSION 
0200 &DO1AB 1OPT+! 3 ADD TO PREVIOUS READINGS 
0203 8580 RESLT ; SAVE LS BYTE 
0205 ASB1 RESLT+1 GET MS BYTE OF CONVERSION 
0207 6584 STORHI ; ADD TO SUM 
0209 858! RESLT#1 ; SAVE MS BYTE 
0208 A582 RESLT+2 jGET SIGN 
0200 4900 #00 ; ADD CARRY BIT, IF ANY 
O2CF 9582 RESLT+#2 ; AND SAVE 
O2D1 4CEB02 LOOPCNT ;JUMP TO TEST FOR 9 CONVERSIONS 
0204 38 jSET CARRY FOR SUBTRACTION 
0205 A580 RESLT + POLARITY OF THIS CONVERSION 
0207 €D01Aa 1OPT+! 1S NEGATIVE, SQ D0 A 
DOUBLE-PRECISION 
SUBRTACTION 


’ 
02DA B580 RESLT j 
0200 ASB1 RESLT+t ; 
O2nE €584 STORHI i 
0260 8581 RESLT+i 

O2E2 A582 RESLT+2 H 
02E4 £900 #00 ; 
026 8582 RESLT+2 j 
O2E8 C83 LOOPCNT STORX pHAVE WE DONE 9 CONVERSIONS? 
O2EA F001 OIVID ; YES, SO NOW DIVIDE BY 9 
O2EC 40 i NO, SO RETURN 

0260 


Figure 7: This assembly-language listing for the uP A/D- 
converter system in Figure 6 provides for 9-sample 
numerical integration, thereby eliminating normal- 
mode noise at frequencies that are multiples of 10 Hz. 


Adding Channels 


By using analog multiplexers, you can take advantage of 
these speed-improvement techniques in multi-channel sys- 
tems. Solving the equation given earlier for X and using X to 
determine the scan Jength (or number of channels), you keep 
the noise-segment alignment in proper phase. This segmen- 
ted approach (for a 16-channel system that requires the 
summation of three conversions) is shown in Figure 9. The 
scan length is found by dividing the number of available 
channels by X, taking the integer value, and then multiplying 
it by X and adding 1. Table 2 shows the relationship between 
the number of samples summed and the number of channels 
scanned for a 16-channel! multiplexer. 
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Figure 8: This flowchart for Figure 7’s assembly- 
language routine summarizes the code necessary to 
control the Figure 6 evaluation circuit. 


DISPLAY RESULT 


A data-acquisition system using a 16-channel multiplexer 
could use a TSC7109 running at 25 conversions/sec to reject 
all harmonics of 20 Hz (including, of course, 60 Hz), with a 
5-sample average taken in the microprocessor. The system 
would still respond to large signal deviations in a single con- 
version. 


The change from analog signal integration of noise to hybrid 
analog/numerical integration entails some tradeoffs. The 
quantization error, for example, is always present; it can lead 
to a significant reduction in normal-mode rejection if the 
noise period is carved into too many segments. In addition, 
timing instability can create other error sources. For maxi- 
mum stability, you must control the A/D converter’s timing 
with a crystal oscillator. 
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Figure 9: You can add multichannel capability to the enhanced-speed A/D-converter gesiale employing uP- “based 
numerical integration. 


17-104 


“© TELEDYNE 
SEMICONDUCTOR 


TSC429 UNIVERSAL POWER 
MOSFET INTERFACE IC 


By Ron Vinsant 


The TSC429 is a high power driver IC in an 8-pin mini-dip 
package. Although designed as a power MOSFET driver, it can 
act as a level shifter, comparator, waveshaper, and pulse 
transformer driver, just to mention a few of its possible uses. 


Every effort has been made to improve the performance of the 
device over its predecessors, the DS0026, TSC426, TSC 427, 
TSC428. This has lead to the minimization of the latch-up effect 
that CMOS is noted for which helps to optimize the device for 
driving inductive loads. In addition the output transistors have 
been enlarged enabling the device to drive currents up to 6 
amps in the typical part. Ros (on Of the output transistors is as 
low as 1.8 ohms. 


Some of the other notable parameters of the TSC429 are its 
excellent noise immunity due to a Schmitt trigger input and 
CMOS construction, its minimal quiescent current draw (with 
its input in the low state it consumes less than 500 yA), and its 
rise and fall times, which are guaranteed to be less than 35 ns 
with a 2500 pF load. 


Due to its low current CMOS input, the TSC429 does not need 
speed up capacitors on the input. This type of input also has 
the ability to accept any amplitude signal from ground to the 
supply voltage. | 


Parameters and Attributes of the TSC429 
Timing 

Rise and Fall Time | 

Inthe TSC429 the t, and t; are governed by three factors. These 
are temperature, supply voltage and output load (See Figures 3 
through 5). Definition of the first two parameters is self explana- 
tory, but output load is not defined in the ordinary dimensions 
of ohms or Watts as might be expected. Since the TSC 429 was 
designed to drive power MOSFETs its load is expressed in 
capacitance. This is due to the fact that a MOSFET gate looks 
like a capacitor to the driving device. 


TSC429 


APPLICATION 
NOTE 28 


Since a MOSFET actually appears as a variable capacitance as 
it turns on and off, it is hard to say exactly what the rise and fall 
times of the driver are going to be in any particular circuit. In 
order to simplify the measuring method we chose a fixed value 
of capacitance. This allows the designer to compare driving 
devices ona specification sheet. Actual evaluation in your appli- 
cation however is the best way to compare any two drivers. 


When measuring time relationships be sure to take into 
account any delays that might skew the measurement. This 
can come from oscilloscope probes of unequal length or prop- 
agation delays through current probes and their associated 
amplifiers. 


There are three anomalies that are associated with the rise and 
fall time: 


1. The rise and fall times are not equal creating a small 
assymmetry in the output waveform. (See Figures 2, 6 & 7) This 
is due to having a P channel device source current and an N 
channel sink current from the load. (See Figure 11) P channels 
do not perform as well as N types, so in the output of the 
TSC429 we have made the P larger to compensate. This 
increase does not make the P equal to the N in dynamic 
performance, only in static Rogon). This difference is most 
notable at higher loads (See Figure 6). At light loads the P 
actually out performs the N in speed (See Figure 2). 


2. There occurs a small “notch” in the rising waveform of 
about 5 ns in duration. It only occurs with loads above 4000 pf 
and is not normally of any concern. In Figure 1, wave form A 
shows the output of the TSC429 with a 6800 pf load. The 
“notch” is noticeable in the rising waveform; and waveform Bis 
a magnified view of that rising edge. Note that if the "notch” 
were not there the rise time would not substantially change. 


3. Rise and fall times also determine the minimum pulse width 
in that if an input pulse has a width that is less than the sum of 
the rise and fall times the output cannot make a full transition. If 
carried to the extreme no output pulse will occur. At light loads 


Typical Rise & Fall Times 
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typical min pulse widths would be in the 35 ns region. Figure 6 
is an example of typical rise and fall times and minimum pulse 
width when driving a 3300 pF load. 


Output rise and fall times are independent of input waveshape 
due to the Schmitt trigger input. In this respect the device can 
be used as a waveshaper. 


Delay Time (Propagation Delay) 


Delay time is a function of temperature and voltage with 
moderate effects by load. Figures 8, 9 & 10 show the effects of 
these parameters on delay time. Little can be done to lower the 
delay except for keeping the device temperature low. Please 
note that slow rising input signals can give the appearance of 
long delay times. This comes from the fact that the trip point of 
the Schmitt trigger input (about 1.5 volts) can often be higher 
than the 10% point in the waveform. In the specifications the 
times are measured from the 10 and 90 percent points as is 
industry practice. Figures 6 and 7 show typical performance. 
Note that the input waveform is shifted by 1/2 division on the 
vertical axis for purposes of clarity. 


Input 
Hysteresis | 


As we have mentioned before the TSC429 has a Schmitt trigger 
input. The hysterersis provided by the Schmitt action is 
measured with conditions static (DC) for the data sheet, and 
can change substantially when driven by a pulse. (For an 
explanation of how the input section works see the section 
entitled “Input Effects on Quiescent Current.”) The input is 
Capacitive as the input signal is driving a MOSFET gate. (See 
Figure 11) It therefore has the characteristic Miller capacitance 
from drain to gate, as well as the gate to source capacitance. 
The device works most effectively when driven by a relatively 
low impedance source such as a CMOS or TTL buffer. 
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Since the input threshold is set by the input MOSFET’s 
threshold (Figure 11) the trip point changes with temperature 
at the rate of approximately -5 mV/°C. For this reason any 
input waveform that has slow rise times, such as open 
collector TTL, can exhibit a change in pulse width with a 
change in temperature at the output of the TSC429. in 
applications where exact reproduction of pulse width from 
input to output is important, fast rise and fall times are 
important. 


In other types of applications however where exact timing is 
not important the TSC 429 will act to improve the rise and fall 
times of slow rising input waveforms. (See Figure 12) 


Input Section 


The input is fully TTL compatible yet can be driven by any 
amplitude signal up to the supply voltage and down to ground. 
This attribute makes the TSC429 an excellent level translator 
from TTLto small motor or lamp loads on 12 to 15 volt systems. 


Input Effects on Quiescent Current 


The state of the input signal changes the quiescent current 
draw of the TSC429. The reason for this can be seen in Figure 
11 which shows the input signal driving a MOSFET whose 
drain is attached to a current source of 2.0 mA and the source 
of a P channel MOSFET. The drain of the P channel is attached 
toa 1.8 mA current source, and its gate is tied to the output of 
the first inverter stage. The input to this inverter is tied to the 
drain of the input MOSFET and the source of the P channel 
MOSFET. | 


When the input signal is below the input FETs threshold, the 
input MOSFET is off causing the input to the inverter to be 
pulled high by the 2.0 mA current source. The inverter output 
therefore is low, causing the P channel device to be on, con- 
necting the 1.8 mA current source to the drain of the N channel 
input MOSFET. Since the input MOSFET is not on, these two 
current sources are not able to source their respective cur- 
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rents and the quiescent device current is then composed only 
of the bias currents required by the inverter sections. (Assum- 
ing no load on the output) 


In the state where the input is above the input FETs threshold, 
the input MOSFET turns on, sinking the combined currents of 
the two current sources until the input to the first inverter stage 
reaches its trip point. At this time the inverter output goes high, 
turning off the P channel which causes an abrupt lowering of 
the transconductance of the input N channel. This is how the 
input hysteresis is formed, by the step change in transconduc- 
tance. We now have however the 2.0 mA current source con- 
nected to ground through the N channel device increasing the 
quiescent current draw in the high input state. ; 


The hysteresis value changes with frequency (less hysteresis 
with increasing frequency). This phenomena occurs because 
of the characteristic decrease in the transconductance of the 
input FET with increasing frequency. 


2200 pF Load 
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OUTPUT CURRENT AND VOLTAGE 
Figure 12 
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The TSC429 can sink and source significant amounts of cur- 
rent. For example with a 10,000 pF load the output will swing 16 
volts to ground in 52 ns, sinking a current of almost 7 amps 
peak and then source 6 amps peak to bring the output back to 
16 volts in 62 ns. (See Figures 23 and 13) This difference in 
switching times comes from the device construction des- 
cribed in the section on rise and fall times. 


Due to the ability of the device to source large currents it is 
easy to exceed the power dissipation rating of the device 
under short circuit conditions. There is no thermal or over 
current protection designed into the device so a short circuit 
for an extended period of time should be avoided. 


“Saturation” Voltage 


The output typically swings to within 25 mV of the supply rails. 
For applications where a steady state current is supplied by 
the device the on losses can be found in Figures 14 and 15. 
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Power Dissipation 
Quiescent Dissipation 


The quiescent dissipation of the TSC429 is very low, even with 
the input in the high state. (See “Input” section on the effects of 
input state on power dissipation) As an example, at maximum 
temperature for the plastic package (70°C) the static current 
draw is guaranteed to be 12 mA or less. If the supply voltage is 
15 volts then the device dissipation is 180 mW. The packageis 
rated at 300 mW at 70°C so the device is well within its ratings 
at worst case. 


The typical value is normally in the region of 5 mA so the 
example cited above is indeed worst case. 


Cross Over Dissipation 


During the transition between the output states the P channel 
and N channel transistors can be on simultaneously. Although 
this happens for only a few nanoseconds this additional power 
that is dissipated can be significant at frequencies above 1 MHz 
at 100 pF and above 250 kHz at 10,000 pF. (See Figures 11 and 
27) 


Capacitive Load Dissipation 


Capacitive load dissipation is the result of charging and dis- 
charging the load. The larger the capacitive load the longer the 
driver is in the linear region. As long as the device is in this area 
of operation it is dissipating significant amounts of power. 


Calculating Power Dissipation 


The capacitive load caused dissipation is a direct function of 
frequency, capacitive load, and supply voltage. The package 
power dissipation is: 


EQ.1:Pc =f CVs 2 

where: F = switching frequency 
C =capacitive load 
Vs = supply voltage 


Quiescent power dissipation depends on input signal duty 
cycle. A logic low input results in a low power dissipation 
mode with only 0.5 mA total current drain. Logic high signals 
raise the current to 5 mA maximum. The quiescent power 
dissipation is: 


EQ.2: Pq =Vs (D (IH) + (1-D) IL) 


where: IH = quiescent current with input high 


(5 mA Max) 

IL = quiescent current with input low 
(0.5 mA Max) 

D = duty cycle 


Transition power dissipation arises because the output stage 
N and P channel MOS transistors are “on” simultaneously for 
a very short period when the output changes. The transition 
package power dissipation is approximately: 


EQ. 3: Pt =f Vs (3.0 = 107°) 
An example shows the relative magnitude for each term. 


Example 1: 
C =2500 pF 
Vs= 15 V 
D = 50% 
f =200 kHz 
Pp=Package power dissipation = Pc + PT + Pa 

= 113 mW + 90 mW + 26 mW 

= 229 mW 
Max. operating temperature = Ty - 0ya (PD) 

= 115°C 
where: 
Tv = Max. allowable junction temperature (150°C) 
6A = Junction to ambient thermal resistance (150° C/W, 
CerDIP) 


NOTE: Ambient operating temperature should not exceed 
85°C for “IJA” device or 125°C for “MJA” device. 


Package Power 
Dissipation 


oa TSC429 


KOVAR L EAD FRAME 
CERDIP PACKAGE 
Vyas 150 C/W 


MAXIMUM PACKAGE POWER DISSIPATION (mW) 


AMBIENT TEMPERATURE ( C) 


TSC429 Maximum Operating Frequency 


Vs f Max 


18V 500 kHz 
15V 700 kHz 
10V 1.3 MHz 
5V > 2 MHz 
Table 1 
Conditions: 1. CerDIP Package |@ ya = 150° C/W}| 
2. TA= 25°C 


3. CL = 2500 pF 
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Heatsinking 


If too much dissipation becomes a problem it is possible to 
heatsink the TSC429. This is accomplished by the use of a 
ground plane, or a heatsink attached to the device by a clip or 
thermal epoxy. Heatsink manufacturers such as Wakefield 
Engineering or Thermolloy sell such items. The use of the 


ground plane as a heatsink is done by inserting a small quantity 


of thermal grease on the bottom of the device before insertion 
to the board. The grease will transfer the heat to the ground 
plane. 


Of the two packages the ceramic cerDIP package is the best 
for applications requiring heatsinking. This is due to the super- 
ior heat transfer ability of ceramic, in relation to the plastic. For 


this reason we recommend the use of the cerDIP package in all 


high dissipation applications (> 300 mW). 


Designing With The TSC429 
Grounding Techniques 
Grounding 


The high current capability of the TSC429 demands careful PC 
board layout for best performance. Since the TSC429 is an 
inverting driver, any ground lead impedance will appear as 
negative feedback which can degrade noise immunity. The 
feedback is especially noticeable with slow-rise time inputs, 
such as are produced by an open COleelor output with resistor 
pullup. 


Figure 17 shows the feedback effect in detail. As the TSC429 
input begins to go positive, the output goes negative and 
several amperes of current flow in the ground lead. As little as 
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Figure 16 
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0.05 Q of PC trace resistance can produce hundreds of milli- 
volts at the TSC429 ground pins. If the driving logic is refer- 
enced to power ground, the effective logic input level is 
reduced. 


To ensure optimum spiioranGe: separate around traces 
should be provided for the logic and power connections. Con- 
necting the logic ground directly to the TSC429 GND pins will 
ensure full logic drive to the input and ensure fast output 
switching. Both of the TSC429 GND pins should be connected 
to power ground. (See layout section) 


Decoupling (Bypassing) 


Decoupling the TSC429 requires careful layout and the use of 
good quality capacitors. A good quality film cap of low ESR 
such as the WIMA MKS-2 1 ywF at 50 Volt in parallel with a low 
ESR high resonant frequency ceramic will usually keep the 
peak to peak ripple voltage under 500 mV provided the caps 
are placed right next to the power supply pins of the driver. 
Tantalums and small electrolytic are not a good choice due to 
the high ripple current that the TSC429 generates. 


Layout Considerations | 


One of the most important considerations in the application of 

the TSC429 is the P.C. board layout. As we have previously. 
mentioned grounding is very important. Since the device 

generates very high recirculating Currents due to its fast 

switching speed and low output impedance it is necessary to 

identify the paths of these currents and isolate them from the 

input signal (due to the negative feedback problem) and from 

the rest of the system. 
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The second consideration is radiated noise. A ground plane 
under the device can act as a noise shield and is highly 
recommended. This ground plane, if put on top of the board can 
also act as a heatsink. (See the section on heatsinking) 


Third, the TSC429 has been designed with two ground pins 4 
and 5, two Vcc pins 1 and 8 and two output pins 6 and 7. In each 
case both pins should be used as the currents are so high that 
a single bonding wire internal to the device may not be able to 
handle the currents without opening. This two wire path for 
these currents also lowers the inductance of the path which 
will (along with proper decoupling) help minimize ringing in the 
circuit. (See Figures 16 and 17) 


GROUND PC TRACE RESISTANCE = 0.05 2 


POWER 
GROUND 


Figure 17: Switching Time Degradation Due to Negative 
Feedback 


Driving Power MOSFETS 


International Rectifier has published an application note, #973A, 
that describes the characteristics of a good MOSFET driver, 
and circuits that are suitable as drivers. Please note that many 
of the circuits described in this application note can be 
accomplished with the TSC429 while improving performance, 
lowering power consumption, and often with less parts. 
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In addition to the application note mentioned above, two other 
application notes by International Rectifier on driving MOSFETs 
are of use. The first, entitled “A New Gate Charge Factor Leads 
to Easy Drive Design for Power MOSFET Circuits” helps to 
understand the charge transfer necessary to drive MOSFETs, 
while the second application note, #947, entitled “Understand- 
ing HEXFET Switching Performance” gives a detailed mathe- 
matical analysis of the three turn on and turn off intervals. It 
also examines the effects of parasitic drain and source induc- 
tance, which can have a significant effect on switching perfor- 
mance independent of the drive method. 


These papers go into detail on what is important in driving 
MOSFETs, and give additional necessary information that is 
beyond the scope of this paper. 

We will show an example of a 400 volt 3 ohm FET being driven 
by a small CMOS driver (out of a CMOS 555 timer IC) and 
compare that to the same circuit where the TSC429 is driving 
the MOSFET. (See Figures 18 through 20) Nothing has been 
changed except for the addition of the TSC 429. Note the sub- 
stantial improvement in fall time. 


400 V 3Q MOSFET 
Driven by TSC429 
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Due to differences in timing characteristics the paralleling of 
two or more. devices is not recommended. The best example of 
the reason for this is the problem of one device turning on a few 
nanoseconds before another. In this case the one that turned 
on first would be sinking current from the other. This would 
then create an increase in dissipation that could cause the 
faster device to overheat and self destruct. Since the rise and 
fall times of any two devices are not going to be the same, it is 
possible to get slower rise and fall times with two drivers in 
parallel than from a single driver due to the devices “fighting” 
each other. _ | | 


Driving Inductive Loads 


When driving inductive loads such as pulse transformers and 
small motors it may be necessary to keep the output from being 
driven beyond Voc. Leakage inductance and back EMF from 
motors can cause voltage spikes of sufficient amplitude to 
make the driver latch into its SCR mode. 


The best way to prevent this from occurring is to put a Schottky 
diode from the output back to Vgc. When the voltage at the 
output rises the diode turns on before the base emitter of the 
transistor and clamps the voltage to Vcc plus the diode drop of 
450 mV. The same technique works for negative going excur- 
sions of voltage. (See Figure 26). 


Applications vt 

Small Motor Controller . 

Figure 21 shows a schematic of the TSC429 used as a small 
closed loop motor controller. The TSC429 is used as both 
driver and comparator in the control circuit. The back EMF of 
the motor is used as a feedback signal to detect motor speed. 
Voltage Doubler | o 

Figure 22 is a voltage doubler circuit. Typical performance is 
shown in Figure 23. Highest efficiency is obtained when using 
Schottky diodes in the output. . | 


(x2) 1N4448 


R77 |N4002 (X2) 


220 uf 50V 
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Figure 22: Self Contained Voltage Doubler 


35 uf 50V 


Voltage Inverter 


Figure 24 is a voltage inverter with Figure 25 showing typical 
performance. As in the voltage doubler circuit mentioned 
above the highest efficiency is obtained when using Schottky 
diodes, such as 1N5819. In both these circuits increasing the 
frequency of oscillation will help to reduce the value of the 
capacitors. Capacitors should be high quality electrolytics 
with low ESR. Ripple currents in the capacitors can be sub- 
stantial in both of these circuits, so care should be taken in 
their selection. | 3 


High Power Pulse Transformer Driver 


Figure 26 shows a high power pulse transformer driver that 
utilizes diode protection from leakage inductance spikes. This 
circuit can be used to drive large bipolar transistors, as wellas 
FETs. The same sort of diode protection scheme should be 
applied to other inductive loads such as relays. 
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Figure 26: High Power Pulse Transformer Driver 
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ADC PROVIDES 
FLEXIBLE PROGRAM CONTROL 


By Ted Dabney 


Today design engineers rely more and more on 
microprocessors and microcontrollers to support their 
applications. Compatible analog-to-digital and digital-to- 
analog converters have greatly increased the flexibility of 
interface and control circuits. 

Most ofthe available converters, however, are “indepen- 
dent” and not subject to reconfiguration under software 
control—no matter how smart your processor. For example, 
if your task involves 8-bit conversions of battery voltage and 
16-bit conversions of output voltage, you are required to 
use two different converters...or take 16 bits of time to 
measure your battery. 

The TSC500A Converter from Teledyne Semi- 
conductor is not as “independent” as other converters. In 
fact, the TSC500A only performs operations as instructed 
by your processor. If the initial circuit configuration (com- 
ponent values and layout) is reasonable—using the rules of 
the data sheets for component and timing values—the 
TSC500A converts an input to any resolution up to 16 bits 
(plus sign). The proper design can allow the processor to 
select and control the conversion parameters. 
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APPLICATION 
NOTE 29 


The circuit board of the TSC500A plugs into the parallel 
printer port of any IBM PC or compatible computer. This 
board has eight differential input channels, with selectable 
resolution from 8 to 16 bits (plus sign). 
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Trade-Off 7 

_ The usual trade-off for sriavogsioigial conversion 
(ADC) is resolution versus speed. In many cases a low 
degree of accuracy is all that is necessary for a given 


conversion. For maximum flexibility, you need a single - 


converter to speed up when low-accuracy is required. 
The TSC500A is the converter that lets you control the 
resolution-speed trade-off. It is an analog processor that 
permits you to program the rate and resolution of ADC 
conversions. The TSC500A performs the dual-siope portion 
of an ADC conversion and lets you write software so your 
microprocessor or computer can handle the digital tasks. 
In short, this low-power CMOS device lets your 
software program fearlessly trade off between high 
resolution (16 bits plus sign) and speed of conversion. 


Four-Phase Conversion for 
Building an Application — 
The TSC500A incorporates four separate conversion 


phases. Two select pins on the TSC500A control the timing 
and sequencing of these phases. — 


M@ Phase I—Input Integration 

Causes the integration capacitor to charge at a rate 
determined by the input voltage. The duration of this phase 
is a fixed amount of time. 


@ Phase |ll—Reference Deintegration 

Causes the integration capacitor to discharge at arate 
determined by the reference voltage. A zero crossing 
signals the end of conversion and the comparator output 
goes low. The amount of time required for the zero crossing 
is proportional to the input voltage. 


@ Phase Il—System Zero 

Forces the integration capacitor to be restored to the 
ground reference potential. This phase may be used to 
correct cases where the input voltage of Phase | is so large 
that Phase II does not have enough time to complete its 
cycle. This is an over-range condition. Also, the reference 
capacitor is charged to the reference voltage during this 
phase. 


™@ Phase IV—Auto Zero 

Causes the auto zero capacitor to be charged toa 
value that represents the combination of all internal offset 
errors. The resulting error is then cancelled by the action of 
phases | and Il. The reference capacitor is also charged 
during this phase as in Phase Ill. 


Output | 

The output of the TSC500A is from one pin (comparator 
output) that shows the phase of the input voltage (plus/- 
minus) or indicates that Phase Il is complete (the integration 
capacitor has discharged to the ground reference potential). 
This output also determines when Phase Ill is complete. 
The comparator switches back to the supply voltage when 
the excess charge has been removed. 


Completing the Conversion Process 


™ Step I—System Zero , 
Select Phase Ill and wait for the comparator output to 
go positive. This tells you that the system is zeroed. 


@ Step !l—Auto Zero | 

Select Phase IV for at least the same amount of time as 
Phase |, but for as long as you like. This charges the 
reference capacitor and establishes a conversion offset in 
opposition to the internal offsets. 

This phase is the place to recall the count obtained in 
Step 4 (Phase Il), then calculate and display the input 
voltage. 


@ Step Ill—Input Integration 

Select Phase | for an exact amount of Known time and 
read the comparator output just prior to ending the phase. If 
itis high, a positive voltage has been converted. If it is low, 
the input is negative. 


@ Step Il\V—Reference Deintegration 
Select Phase Il and count intervals. Stop counting as 


-soon as the comparator output goes low. Save the count 


and go directly back to Step | (Phase III). 
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Calculation: 

Vin = Veer Toemt 
Tint 

where 


Tpeint = Reference voitage integration time (variable) 
Tint = Signal integration time (fixed) 
Vrer = Reference voltage 


Note that Tiwt and Vrer Must be exact and can be any 
values. Tpeint IS the variabie that determines Vin. 


Displaying the Results 

First convert the Phase II count to BCD values. Then 
convert the BCD values to ASCII characters. Finally, send 
the ASCII characters to the screen, the printer, the disk file, 
or some other device. 


Resolution 
The actual resolution (counts per deintegration period) 
available from the TSC500A is a function of how many 
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counts you can put into the Phase Il cycle when converting 
the maximum input voltage. The rate of deintegration is 
determined by the reference voltage. A lower reference 
voltage reduces the deintegration slope and allows time for 
more counts. 


Accuracy 

Internal noise and time-dependent errors determine 
the conversion accuracy (signal-to-noise ratio) of the 
TSC500A. The dominant source of error is the 1/f noise of 
the buffer, integration amplifier and comparator. You can 
reduce some of the effect by increasing the integration time 
(Phase I) and the deintegration time (Phase Il). You can 
reduce the errors caused by broadband (thermonic) noise 
by increasing Vrer. You can reduce errors caused by stray 
capacitance by “guarding” the integrating capacitor. 


A Word of Caution 

Avoid using an edge-triggered interrupt in applications 
where you plan to convert very low input voltages. The 
output of the comparator my not have enough time to 
complete a full transition. 


+Vs Bur Caz Cint Cher Crer 


TSCO4 
[\ 


PRINTER PORT IBM® PC 


o ODN DW WO ND 


* 
Connects Vrer to channel 8 
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Ney ume bent Seiection Example 


Known 

M@ Supply voltage for TSC500A (Vsur) 
@ Maximum input voltage (Vinimax) 
Mi Integration time (Tint) 

@ Output resolution (bits) (N) 

Mi Clock period (tcLock) 


Assume 
MVsup=t5V Vsup = |Vsup| 


BB Vinwax = +2.5 V Vinmax = |Vinuwarx| 


@ Tint = 40 msec 
@ N = 14 bits 
Ml tcLocx = 4 usec 


@ Step 1—Caiculate Rint 


VIN (MAX) 
Rint = IBUF (MAX) 
where Ipur imax © 10 WA 

2.5V 
Rint = ~10nA = 250 K 
™@ Step 2—Calculate Cint 


Tint Ipurimax) 


Cint ro Vint 

where 

Vint = Vsue -1V=4V 
40 msec 10 vA 


Cint = AV = 0.1 uF 
@ Step 3—Calculate Vier 

Vint Cint Rint 
Vrer = TbEINT 


where Toeint = 2” terock 


4 V0.1 uF 250 K 


Oe = 1.525... 
clock 


Vrer = 
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~ Mi Step 4—Calculate Integrate Count (Kir) 


Tint 
Kit = tcLock 
40 msec 
Kint = 4 usec = 10,000 counts 
Results 
Kint 10,000 


Kpeint rae Vrer 


= Vin "4595... V 


where Kpeint = Number of clock periods during Tpeint 


VreF: 


Normalization 

The reference veltaaers can be adjusted to scale the 
deintegrate count to be directly equivalent to the input 
voltage. 


Since: 


Kint 
V = Counts/volt 
REF 


if Vaer iS adjusted such that 


VreF= 49.000 counts/volt. ~ 10,000 counts/volt ~ 1-0 
Vin 


then Kopeint = 100 pV and N ~ 14.61 bits 


Example: If Koeint = 18, 357 Counts 


the Vin = 1.8357 volts 


Conclusion 

The TSC500A is a very flexible analog-to-digital 
conversion tool. 

This converter gives control to the microprocessor 
(which should know more about what it should do than it 
does). The programming techniques presented here will 
allow you to develop the software to run the TSC500A on 
any number of currently available processors. 
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INTEGRATING CONVERTER 
ANALOG PROCESSOR TSC500A 


The Program ( Microsoft Macro Assembler) §SCALER Actual integration count determined by 
The parallel printer port is used here for convenience. the resolution 

Its address is assumed to be 0378 Hex (SELECT). CNLSEL Shifted high nibble that selects the 
channel 

™ Bits 0 and 1 select the conversion phase. VALUE Value of the input voltage in binary 

@ Bit 3 is the comparator output from the TSC500A format. . 

(inverted). SIGN Sign bit saved for evaluation 

Bits 4 through 7 select the input channel. CORFAC Correction factor that compensates for 

comparator delay 


These routines are examples of 8088/86/286 source 
code. Here are the constants and variables: 


Phase I—Input Integration Mode 
Charges the integrator capacitor at a rate determined by the input voltage for a fixed duration. 


CX = Fixed duration reference count 
AL = Select INT mode and channel (output to port) 
DX = Port address 


Exit mode when CX = 0 
(Disable interrupts to prevent background routines from interfering.) 


INTGRT: CLI Disable interrupts 
MOV CX,SCALER ‘Get integration duration 
SUB CX,CORFAC ‘Correct delay error 
AL,OF1H ‘Select INT mode 
AL,CNLSEL ‘Select channel 
DX,SELECT Select output port 
DX,AL ‘Select Phase | 
INTGLP: INTGLP ‘Decrease CX and continue until CX = 0 
AL,DX “Read sign bit 
SIGN,AL ‘Save sign 
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Phase II—Reference Deintegration (DEINT) 
Discharges the integrator capacitor at a rate determined by the reference voltage. 


CX = Countdown timer (determines value of input) 
AL = Select DEINT mode and channel (output to port) 


DX = Port address 


APPLICATION NOTE 29 


Exit mode when bit 3 = 1 or CX decrements to 0 (interrupts remain disabled) 


DEINTG: MOV 
MOV 
ADD 
MOV 
OUT 

DILOOP: IN 
TEST 
LOOPZ 


MOV 


Phase IlI—System Zero (IZ) 


Removes excess charge from the integrator capacitor and the auto-zero capacitor. 


CX = Maximum duration 


CX,0 
AL,OF3H 
AL,CNLSEL 
DX,SELECT 
DX,AL 
AL,DX 

AL,8 
DILOOP 


CXVAL,CX 


AL = Select IZ mode and channel (output to port) 


DX = Port address 


Exit mode when bit 3 = 0 or CX decrements to 0. 


INTZRO: MOV 
ADD 
MOV 
OUT 
MOV 

IZLOOP: IN 
TEST 
LOOPNZ 


AL,OFOH 
AL,CNLSEL 
DX,SELECT 
DX,AL 
CX,7FFFH 
AL,DX 

Al,8 
IZLOOP 
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‘Maximum duration 

‘Selet deint mode 

;select channel 

Select output port 

‘Select Phase Il 

;Read port 

-Test comparator bit (bit 3) 


;Decrease CX, continue if CX>0 
or bit 3 = 0 
‘Save count for later evaluation: 


‘IZ selection 

‘Select channel 

Select output port 

‘Select Phase Ill 

;Load up CX so the loop will loop 
‘Get TSC500A comparator 

‘Test if bit 3 is 0 

‘Decrease CX, continue if CX > 0 


orbit1=3 


INTEGRATING CONVERTER 


ANALOG PROCESSOR TSC500A 


Phase IV—Auto Zero (AZ) 
Charges the auto-zero capacitor to the input offset voltage and charges the reference capacitor to the reference 
voltage. 


AL = Select AZ mode (system interrups may be re-emabled) and channel (output to port) 
DX = Port address . 
Puts the TSC500A in auto-zero mode and exits. 


AUTZRO: MOV AL,OF2H ‘AZ selection 
ADD AL,CNLSEL Select output 
MOV DX,SELECT ‘Select output port 
OUT DX,AL ‘Select Phase IV 


The binary-to-ASCIil conversion and screen display of the actual program take more than enough time for proper 
offset correction. 


CALCXxX: MOV CX,CXVAL “Recall count 
CMP CX,0 ‘Test if count = 0 
JNE NOTOVF lf count not 0, then no over-range 


Set up over-range message for display: 


SETOVF; MOV DX,OFFSET OVFMSG 
MOV MSGOUT,DX 
JMP SAVECX 


Phase Il uses CX as a down-counter so CXVAL is the compliment of the true count. 


NOTOVE: XOR CX,OFFFH ;Compliment CXVAL 
SAVECX: MOV VALUE, CX ‘Save it in VALUE (0 if over-range) 


Optional Subroutines 
(depend on specific applications) 


CALL XFORM ;Modify the transfer function... 

CALL BIN2BCD ‘Convert VALUE to BCD... 

CALL ASCII ;Convert BCD to ASCIi characters... 
CALL DISPLAY Display the results... 

CALL KEYBRD ‘Test if there’s input on the keyboard... 
JMP INTGRT ;..and start all over again 
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The comparator delay factor can be adjusted out 
with the reference voltage in systems that are 
designed for fixed resolution. This application has 
several different levels of resolution, and the delay 
represents a different percentage for each level. 
CORFAC is selected to have the same percentage 
relation ship to SCALER as the delay has to the 
deintegration period. 

The SCALER value is the reference count that 
determines the resolution of the conversion process. 
As this value is increased or decreased, more or 
fewer counts are available during the deintegrate 
phase. The ratio of the two counts (SCALER and 
VALUE) is still directly proportional to the input voltage 
for any fixed Vrer. 

If SCALER is divided by 2, for example, the input 
voltage is equal to VALUE times 2. Of course, the 
significance of the LSB is lost and the resolution is 
reduced by 1 bit. Divide SCALER by 4, multiply 
VALUE by 4 and two LSBs are lost. The advantage is 
that the conversion time would be four times faster. 

A keyboard input routine permits changing the 
SCALER value by a multiple of 2 and corrects VALUE 
by the same amount. No changes to the circuit values 
are needed because only the reference voltage is part 
of the cénversion equation and its effect has not 
changed. 


Complete Application 
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Transfer Function Transformation 
_ The program could be expanded to include a 


' routine (or several routines) that would modify or 


linearize the transfer function(s) per input channel. A 
simple look-up table or more Ze algominin could 
be implemented. 


A kit for this application is available from Teledyne Semiconductor. 

The kit includes a functional printed circuit board and a 5‘ inch floppy disk (IBM compatible, 
PC/MS-DOS 2.0) with a fully implemented program. The software supports 16-bit conversion and provides 
eight differential input channels. The results of each conversion is converted to ASCII characters and 
displayed on the screen. Keyboard entry allows selection of conversion resolution and input channel. 


Documented source code is also included on the disk. 


To order, contact your local representative or distributor or call Teledyne Semiconductor 
headquarters in Mountain View, California toll free at 1-800-888-9966. 
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MATCHING MOSFET 
DRIVERS TO MOSFETS 


By Ron Vinsant 


Introduction 


Teledyne offers four distinct families of MOSFET 
drivers. This allows the designer to best match the switching 
performance of the driver/MOSFET to the application. 


MOSFET Die Sizes 

Unlike bipolor transistors in which die size is primarily 
a function of current, MOSFETs have die sizes that are a 
function of both current and voltage. 


Die Size Effect on Gate Capacitance 

As can be expected, the larger the die size, the larger 
the effective gate capacitance. As an illustration of this, look 
through any manufacturers data book and relate die size to 
Ces and Crass and you will find that die size determines both 
these parameters, not the voltage or current rating of the 
device. 


“~~ 
1/2 
TSC4424 


Figure 1: Typical Drive Circuit 


The industry has, in general, adopted International 
Rectifiers die size description technique. Instead of 
referring to “mils on a side” to describe die size, they have 
used simple numeric indicators 0 through 6. Thus a HEX 0 
is the smallest die while a HEX 6 is the largest in standard 
MOSFET offerings. Some other manufacturers, (IXYS), are 
offering sizes as large as HEX 9. 


Peak Current Requirements 


One can now view the driving function in terms of the 
peak current required to obtain the required rise time for any 
application (in view of the capacitance thus die size). From 
(dV*C)/l = dT we can determine the trade offs in any driving 
circuit. The optimum rise time in any application is based on 
many requirements such as EMI, heat. dissipation, 
lead/circuit inductance,etc. Thus there can be no universal 
driver that fits all applications. 


MOSFET DRIVERS 
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Figure 2: Use of a Resistor to Limit Peak Current 


DRIVER FAMILIES 


There are four 
Semiconductor offers: 
TSC426/1426/4426 
TSC4423 
TSC429/4429 
TSCO0C26 
The TSC426 was the worlds first CMOS MOSFET 
driver and is a dual output device capable of up to 1.5 amps 
at 18 volts. It comes in two other versions, the dual non- 
inverting TSC427 driver, and one inverting and one non- 
inverting in the TSC 428 driver. 
The TSC4426 family is the second generation of the 
426 family, but through improved processing and improved 
design has less propagation delay, no latch up problems 
driving inductive loads and draws half the power of the first 
generation. These improvements have been incorporated 
into all drivers with four numeric digits in the part number. 


distinct families that Teledyne 


“ye 
OV 


lL. { 
Vv 


Figure 3: Use of Zener Diode to Clamp Voltage on 
Long Output Lead. 
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MOSFET DRIVERS 


TYPICAL APPLICATIONS 


TYPICAL USE IN 


CIRCUIT WITH 


1pF 


vail 


INDUCTANCE. 


2 


SIMPLE DIRECT DRIVER 


TSC170 
CMOS 
PWM 


“we 
TSC4427 


Another important improvement in the second gener- 
ation families is their ability to have the input signal go below 
the negative rail by as much as 6 volts. This guaranteed 
parameter is very useful in systems where the control 
circuit ground is not closely tied to the power or source 
ground of the MOSFET. These two grounds often move 
relative to one another. 


The TSC1426 is a special low cost version of the 426 
family thatis latch-up proof but does not have the below rail 
protection on the input. It is a good choice for large volume 
OEMs. 

Following the same part numbering pattern as the 1.5 
amp TSC426 family, the TSC4423 family of dual drivers 
has a 3 amp output capability. The TSC4424 is a dual 
non-inverting driver and the TSC4425 is one inverting and 
one non-inverting driver. 

The TSC4429 is a single inverting driver, (like its 
predecessor the TSC429), while the TSC4420 is non- 
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LARGE TRACE/LEAD 


IRF 450 


FORWARD CONVERTER 
WITH TSC4427 DRIVING 
UPPER AND LOWER FETS 


inverting. This family has 6 amp drive capability at 18 volts. 
The TSC4429 can slew a 10,000 pF load at 15 volts in 60ns. 

The TSC00C26 is designed as a direct replacement of 
the old National DS0026. Fabricated in Teledynes new 
silicon gate process, ithas propagation delays similar to the 
older bipolar part while drawing only 300A of quiescent 
current. Output open circuit rise times are on the order of 
3ns at 12 volts. 


The table on the following page “Selecting MOSFET 
Drivers” shows the performance of the various drivers 
under production test methods. The characteristics of the 
drivers are more fully described in the ipgiviewe) data 
sheets. 


This table is used as a performance guide and should 
not be used as the sole selection criteria. Best performance 
analysis can be obtained by evaluation in your circuit or 
by purchasing a TSC MOSEL Driver demonstration kit. 
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The following families of power drivers are made 
with a CMOS process to interface between low-level 
control functions and high-power switching devices, 
particularly power MOSFETs. The devices are also an 


Selecting MOSFET Drivers 


MOSFET DRIVERS 


optimum choice for capacitive line drivers where 1.2 A -6 
A may be switched. With both inverting and non- 
inverting inputs available, logic signals of either polarity 
may be accepted. 


Rated 
Drive Output No. & Type Load 
Device Current Invert. Non-invert. (pF) 
TSC1426 1.2 A Peak dual 1000 
TSC1427 1.2 A Peak dual 1000 
TSC1428 1.2APeak single & _ single 1000 
TSC426 ~=—- 1.5 A Peak dual 1000 
TSC427 = 1.5 A Peak dual 1000 
TSC428 15APeak _ single & _ single 1000 
TSC4426 1.5 A Peak dual 1000 
TSC4427 1.5 A Peak dual 1000 
TSC4428 15APeak single & _ single 1000 
TSCO00C26 1.5 A Peak dual 1000 
TSC4423 3.0 A Peak dual 2200 
TSC4424 3.0 A Peak dual 2200 
TSC4425 3.0APeak single & _ single 2200 
TSC429 6.0APeak _ single inverting 10,000 
TSC430 3.0A Peak dual complimentary 2200 
TSC4420 6.0 A Peak single non-invert 10,000 
TSC4429 60APeak _ single inverting 10,000 


MOSFET Die Size vs. Suggested Driver Family 


Total C 
MOSFET Die Size of MOSFET 

Size (mm) (pF) 
Hex 0 .89 x 1.09 400 
Hex 1 1.75 x 2.41 750 
Hex 2 3.4 x 2.21 1500 
Hex 3 4.44 x 2.79 3000 
Hex 4 7.04 x 4.32 6000 
Hex 5 6.45 x 6.45 12000 
Hex 6 283 x 321 MIL 15000 
Hex 7 283 x 348 MIL 16000 


Rise Fall Rising Falling Input 
Time@ Time@ Edge Edge Latch. Protected 
Rated Rated Prop. Prop. Up to 6V 
Load Load Delay* Delay Proof Below 
(nS) (nS) (nS) (nS) Gnd Rail 
30 20 55 80 YES NO 
30 20 55 80 YES NO 
30 20 55 80 YES NO 
30 20 40 75 NO NO 
30 20 40 75 NO NO 
25 20 40 75 NO NO 
25 25 18 38 YES YES 
25 25 18 38 YES YES 
25 25 18 38 YES YES 
20 20 7.5 12 YES NO 
25 25 18 38 YES YES 
25 25 18 38 YES YES 
25 25 18 38 YES YES 
70 95 53 60 NO NO 
35 35 15 15 NO NO 
70 80 18 38 YES YES 
70 80 18 38 YES YES 
Suggested Driver Faster 
(@12V) Rise/Fall 
TSC426/1426/4426 TSC00C26 
TSC426/1426/4426 TSCO00C26 
TSC426/1426/4426 TSC4423/00C26 
TSC426/1426/4426 TSC4423 
TSC4423 TSC429/4429 
TSC4423 TSC429/4429 
TSC429/4429/4420 
TSC429/4429/4420 
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Conclusion | | (C), all divided by driver current ty: restated: 
_To.match any MOSFET to its proper driver, use the dt = (dv*C)/I | 
charts on the previous page, (which will take care of the | 
largest number of applications), or use the simple formula: If you need to drive any power MOSFET, there isa 


rise time (dt) = driver supply voltage (dV), times capacitance Teledyne driver to do the job. 
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LATCH UP PROTECTION 
OF CMOS ICs 


By Ron Vinsant 


INTRODUCTION 


Most CMOS ICs, given proper conditions, can 
“latch”, (like an SCR), creating a short circuit from the 
positive supply voltage to ground. This application brief 
explains how this occurs and what can be done to 
prevent it. 


Construction of CMOS ICs 


In fabricating CMOS ICs parasitic bipolar transistors 
are formed as a by product of the CMOS process, (see 
Figure 1). These transistors are inherent in the CMOS 
structure and can't be eliminated. The P channel device 
has a parasitic PNP and the N channel has an NPN 
parasitic. Through internal connections the two parasitics 
form a four layer SCR structure as shown in Figure 1 and 
in schematic form in Figure 2. 


INPUT FROM _ 
PREVIOUS 


Vg STAGE OUTPUT 
@ 


G |s 
(Ue 7 


P-CHANNEL | 


‘ ; _._N-CHANNEL _ 
Figure 1: Output Stage IC Layout 


SOURCE P+ 


R1 BULK 
RESISTANCE 


PARASITIC 
R2 P- WELL eat ca 
RESISTANCE SOURCE N+ 
Vs 


Figure 2: Equivalent SCR Circuit 


DRAIN o 
P+ 
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The parasitic SCR can be turned on if the P+ of the N 
channel drain is raised above Vs. This action will bias the 
drain P+ of parasitic Q1, (Q1 's emitter), on back through 
Q1’s base returning to Vs through bulk resistance R1.A 
similar situation can occur if the drain of the N channel 
MOSFET, (emitter of Q2), is taken below the Vs supply. 

This emitter base junction of the parasitic bipolar is 
the parasitic diode that is also found in power MOSFETS. 
One of these diodes exists in every CMOS structure for 
both N and P channel devices; correspondingly there 
exists a parasitic bipolar for every MOSFET in the IC 
including the input transistors. Turn any one of them on 
and the SCR action will occur. 

In most applications the triggering of the parasitic 
SCR results in the destruction of the IC. The only time 
destruction does not occur is when the supply current to 
the device is limited. In this case the device will resume 
normal operation when the parasitic SCR is unlatched 
by cycling the supply current through zero. 


Preventing SCR Triggering: Grounds 


Clean grounds are important in any system but are 
especially important in analog and power processing 
circuits. This becomes even more critical when CMOS 
ICs are used. 

Poor ground practice can result in device latching. 
An example of this is shown in Figure 3A. In this example, 
the TSC170 sends the TSC426 a “low” signal which 
causes the power MOSFET to turn “on”. If the ground 
return resistance, R1, is sufficiently high, the ground 
voltage of the TSC 426 will rise above that of the TSC170, 
resulting in the input of the TSC426 being negatively 
biased. This will cause the TSC 426 to latch. 

A similar condition can be caused by circuit 
inductance. Referring to Figure 3A again, assume R11 is 
replaced by an inductor. When the MOSFET turns “on”, 
current in the source lead builds up very rapidly. Typical 
rise times would be on the order of 30 to 60 ns. For our 
example, assume that the MOSFET is switching 5 amps 
and the circuit inductance is 10 nH. From V= L di/dt we 
can generate voltage shifts of .83 volts to 1.66 volts, 
depending upon the rise time, and more than enough to 
trigger the parasitic SCR. 

Trouble shooting this type of problem can be 
facilitated by placing a series resistor, typically 100Q, 
between the TSC426 and the MOSFET. This slows the 
MOSFET's transition and the circuit can be observed in 
operation without anything being destroyed. Be sure to 
take into account the increased dissipation in the 
MOSFET while using this technique. 

Figure 3B shows a proper “Star” ground that will 
prevent latching. Notice that all grounds meet only at one 


CMOS 


point. On a PC board this means that all traces must 
meet at one point, not that they are all connected to the 
same trace. See Figures 4a and 4b. 


Decoupling 


Another source of latch-up problems are ripple and 
noise on the power supply voltage. Vs may be properly 
decoupled at the power supply, but at the supply pins of 
the IC, voltage transients occur. These transients are 


TRACE 
RESISTANCE 
POWER SUPPLY RETURN 


Figure 3A: Improper Ground 


STAR 
GROUND 
FROM P.S. 
RETURN. 
Vs 
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generated by the combination of the fast peak currents 
that are being drawn by the IC and the parasitic 
inductances and resistances of the power supply 
conductors. See Figures 5a and 5b. 7 

This problem can be very pronounced with IC’s 
driving large loads, as is the case of a TSC426 or 
TSC429 driving a power MOSFET. Upon switching, the 


_ TSC429 can draw several amperes of current from the 


Vs supply causing large transients in the local supply 


TSC426 Vs 


Top View 


Figure 4A: Improper PC Layout © 


TSC426 ve 


TOPS. 
RETURN Top View 


Figure 4B: Proper PC Layout 
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voltage. If TSC429’s input is very close to the system 
supply voltage, as it can be when being driven by CMOS 
logic, then the local Vs supply can drop significantly 
below the input, triggering the parasitic SCR. The 
parasitic SCR is very fast and this transition need last 
only a few nanoseconds for latching to occur. 

Aggravating this is the temperature dependence of 
the parasitic transistors. Their base emitter voltage 
decreases ~ 2.2 mV/C° as temperature increases, 
making them increasingly more sensitive to transients as 
the chip temperature rises. Many times a system which 
performed admirably on the bench begins to experience 
problems at high temperatures because the local de- 
coupling was marginal. 

The obvious solution is to properly decouple the 
supply bus so that Vs can’t drop below the value of the 
input signal. A second less obvious solution is to reduce 
the logic level applied to the input of the device. 

Although lowering the input voltage will help these 
spikes that occur, they can cause other ICs on the same 
power supply to suffer rioise immunity problems from the 
noise generated by the driver IC. 

_ In some applications, such as portable instru- 
mentation, it is desirable to keep the total power 
consumption at a minimum and designers will commonly 
shut off power to unused portions of the system to 
conserve battery life. This can cause problems when an 
input signal is always present but the Vg line is turned 
“off”. In this case, a resistor in series with the CMOS 
device’s input will limit the injected current to a value 
below that listed in the device data sheet as “the 
maximum current into any pin”. When Vg is subsequently 
switched “on”, the SCR action will be prevented. 


Diodes 


A very reliable method for saventing the parasitic 
SCR action is to guard all the susceptible IC pins with 
steering diodes. This is most commonly used when a 
MOSFET driver is driving an inductive load such as a 
long length of wire or a pulse transformer. 

Placing a reverse biased diode between each 
supply rail and the input/output pin, as shown in Figure 
6a and 6b, limits the applied voltage swing to no more 
than the supply voltage plus the forward voltage drop of 
the clamping diode. For this reason Schottky diodes are 
usually the best choice for this technique as their forward 
voltage drop is less than the parasitic SCR’s base emitter 
drop at any temperature. A Philips/Mullard/Amperex 
BYV 10-30, for example, will work well for higher power 
applications such as MOSFET drivers. A BAT54 dual 
diode works well for surface mount applications and with 
lower power ICs such as op-amps and A/D converters. 

Germanium diodes, such as a 1N270, will work well 
also, but may be too leaky for some applications. 
Standard signal diodes, the 1N4148 or 1N914 for 
example, are frequently used; their larger junctions 


CMOS 
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Figure 5A: TSC426 Fed By Two P.C. Traces 
(Equivalent Circuit) 
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Figure 5B: Typical P.C. Layout TSC426 


having a lower effective forward drop than the parasitic 
junctions in the IC work effectively as over/under voltage 
clamps. 

In some instances where standard junction diodes 
are too leaky, such as might be the case in Figure 6b, a 
very low leakage junction FET, (JFET), acting as a diode, 
will do the trick. These devices can have leakages as low 
as afew picoamps and are very quick in responding. For 
these applications contact Teledyne Crystalonics. 


~ Resistors 
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In applications where triggering of the parasitic SCR 
is nota concern and protecting the IC from destruction is 
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the only issue, then adding a resistor in series with the 
power supply pin will prevent device destruction. Once | 
the SCR has been triggered, the supply voltage will have 
to be brought momentarily to zero to reset the SCR, but 
no damage will have been done to the iC unless the 
series resistor was not large enough to limit the fault 
currentto a safe value. This is the lowest cost solution to 
prevent device damage. | 

Using the resistor has limitations however. The 
resistor will limit the current allowed for the decoupling 
capacitor, which in turn limits the frequency that the 
circuit can be driven at due to the RxC value. 

This method works very well in DC op-amp circuits 
as op-amps draw very little peak current and the circuit is 
only amplifying DC; no AC component-no RxC problems. 


Advances in CMOS Processing | 


As stated earlier, the parasitic SCR is intrinsic to the 
structure of CMOS devices and can not be eliminated. 
However, it can be tamed, and through advanced 
processing and circuit design techniques pioneered by 
Teledyne Semiconductor, the problem of SCR latch-up 
has been eliminated. 


CONCLUSION | | 
-_Latch-up in CMOS IC’s is preventable. Simple 
circuit techniques and attention to system design details 
will insure that CMOS’ full potential can be realized in all 
operating environments. Designers can also look forward 
to the day, in the not too distant future, when even these 
few simple precautions are no longer necessary. 
Synopsis: 
To prevent latch-up: 
A. Properly decouble IC. | , 
B. Clamp outputs with diodes when driving 
inductive loads. 
C. Clamp inputs with diodes if input signal 
exceeds the negative or positive rails of 
the power supply. 4 
D. Use Star grounds if at all possible in high 
- Current applications. | 


Figure 6B: TSC429’s Driving Pulse Transformer 
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CMOS SMPS 
CURRENT MODE CONTROLLER 


By Ron Vinsant 


The TSC170 is the worlds first CMOS current mode 
PWM control IC. It features pulse by pulse current limiting, 
inherent feed forward, simple loop compensation, low 
power consumption and an output stage optimized to drive 
power MOSFETs. 


Current Mode Control 

Firsta word about current mode control. Current mode 
control has been an industry buzz word for some time but is 
still not well understood. Current mode control is most often 
used for buck regulators and buck derivatives. It can be 
used for half bridge designs but is harder to implement. 

There are a number of current mode control schemes 
in use. The TSC170%s architecture is that of a fixed 
frequency, peak current terminating design. The clock 
starts the cycle and when the peak current reaches a value 
set by Vrer the cycle is terminated until the next clock pulse. 
See Figure 1. 
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TSC170 


APPLICATION 
NOTE 32 


This then would be a system that appears as a 
constant current source. This current (in the primary of the 
transformer) is in effect very close to the value of the 
average current in the output inductor. 

The output inductor is then effectively taken out of the 
feedback loop that we have added in Figure 2 because the 
inductor is fed from a constant current source. Since the 
inductor is effectively removed from the circuit we don't 
have to worry about the inductor resonating with the output 
capacitor causing an unstable or conditionally stable power 
supply. This makes the loop look like a single pole system. 
This means that the loop gain decreases as the frequency 
increases at a rate of ~ 6 db per octave. 

If the system did not have single pole response 
(voltage mode control has double pole response) the roll off 
would go at 12 db per decade after the gain peaked due to 
the LC combination. See Figure 3. 
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TSC170— | 


So then one of the most if not the most significant point 
of current mode control is that it makes it easier for the 
designer to close the control loop and make it stable. 


Oscillator 

One area in which the low power consumption of the 
TSC170 is most noticeable to the user is in the oscillator 
section. The value of timing capacitor and resistor are much 
higher than its bipolar counterparts. 


CURRENT AMP. 


CURRENT AMP. 


Figure 2: Current Mode with Voltage Feedback 


APPLICATION NOTE 32 


The dead time is a function of the value of the timing 
capacitor and the reset current in the TSC170. Typicai 
values are 220pF to 3300pF. The formula in the data sheet 
is approximate and is typically within 25% to 33% of the 
actual value for any particular part. 

Another way to calculate dead time is dv/dt = 1/C 
where dv is the hysteresis of the comparator in the oscillator 
(~ 2 volts), dt is the dead time, | is the reset current sink 
(~ 1mA) and C is the value of the timing capacitor in farads. 
This method of calculation is most useful when the value of 
the timing resistor Ro is 20kQ and above. 

The ramp up time of the capacitor which is the 
maximum pulse width is set by the timing resistor on pin 9. 
Typical values are 5k to 70kQ. 

The ramp never quite gets to 0 volts during reset, 
however, the higher the frequency of oscillation, the closer 
to 0 volts the bottom of the ramp gets. 


Voltage Reference and Undervoitage Lockout 
The voltage reference is set for 5.1 volts. This voltage is 
derived from a temperature compensated zener diode with 
a buffered output. It can be used for a reference for the error 
amplifier and the current limit set point of pin1. 
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Figure 3: Ideal Loop Response Voltage and Current 
Mode 


The under voltage circuit is specified for start up point 
and hysteresis to the stop point. This allows the designer to 
accurately calculate when the TSC170 will start and stop 
when powered by an external supply. Since this external 
supply may be the power line this can be a very useful 
feature and can save costly external circuits that monitor 
the supply. | 
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CMOS SMPS 
CURRENT MODE CONTROLLER 


Current Limit Amplifier 

The current limit amplifier is a fixed gain high frequency 
amplifier. Its purpose is to allow a small input signal from a 
current sense transducer such as acurrenttransformer ora 
resistor. By arranging for a small input the losses across the 
current sense element are held to a minimum. 

The fixed gain of the current amplifier limits the input 
voltage to 1.1 volts. At this input voltage the amplifier has run 
out of swing and is approaching saturation. 

The TSC170 data sheet shows some typical current 
sensing schemes. 


Maximum Current Set Point (Pin 1) 

The maximum current set point is adjusted by the 
value of the voltage that appears at pin 1. The TSC170 data 
sheet shows how to set the value of the resistors for the 
intended application. These resistors also determine (by 
the amount of current flowing through the top resistor) the 
mode that the TSC170 will go into upon shutdown. There 
are two modes “hick-up” and latch. See Figure 4. 


Shutdown 

Hick-up mode is where the power supply resets itself 
upon shutdown and then goes through a soft start cycle. If 
shutdown is still invoked the power supply will reset again 
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and the cycle will start over. 

The latch mode is set by allowing the current into pin 1 
to be greater than 125A. When pin 16, the shutdown input, 
goes high the shutdown comparator trips, causing Q2 to 
turn on which generates a voltage feedback signal to the 
lock-up amplifier turning on Q2 which results in Q2 
remaining on no matter what the state of pin 16. 

The only way to get out of latch mode is to stop the 
current into pin 1. This can be accomplished by recycling 
the power to the TSC170 or by opening the current path to 
pin 16. 

The TSC170 data sheet explains how to calculate the 
value of the divider string for the two modes and how to set 
the peak current limit. 

By adding a capacitor from the intersection of R1 and 
R2 to ground, a soft start function can be generated. The 
Capacitor slowly charges causing the voitage at pin 1 
(which is the value of the peak current limit) to rise will cause 
the pulse width to slowly increase. Note that since the 
capacitor is fed from a voltage source the rise is exponential, 
not linear. ; 


Output Stage 
The most important thing to remember about the output 
stage is that it is not possible to tie the output stage supply 
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_ Figure 4: Shut Down and Current Limit Control Section TSC170 


17-135 


TSC170 


pin, 13 to a voltage that is more than +350 mV different than 
the Vin pin, 15. This will result in the latch up of the TSC170. 
This latch ‘up phenomena is explained in Application Note 
31. 


Each output can drive a1 000 pF load 16 volts in only » 


50 ns. If greater speed is required an additional output 
driver such as the TSC44XX family can be used to increase 
the output current. These drivers are capable of up to 6 
amps of drive current. * 

Figure 5 shows how an external driver can help get 
around the limitation of sai one power supply for the 
TSC170. . 


Example Power Supply Using the TSC170 

~The 100W power supply diagram shows the TSC170 
used in a push-pull configuration. The pulse by pulse 
current limiting guarantees that each switching transistor 
always switches the same amount of current maintaining 
flux balance in the transformer. This eliminates saturation in 
push-pull converters. 

An important point in the use of first generation CMOS 
power control devices such as the TSC1 70 is that the layout 
can affect the operation of the device greatly. 7 

An example of this is the current sense resistor in 


Figure 5: Self Powered Drive Scheme 


APPLICATION NOTE 32 


Figure 6. The ground end of the resistor meets all the other 
grounds at a single point (star ground). This prevents noise 
in the system that could cause latch up, and makes the 


entire system less sensitive to general noise problems. | 


This power supply has soft start capability and is set to 
work in “hick-up” mode. A second CMOS comparator has 
been added as a safety device so that if a value of currentis 
demanded by the error amplifier that is too high, instead of 
going into a constant. current mode the external 
comparator causes the TSC1 70 to reset through the 
shutdown pin. 

This entire control circuit running at 125KHz, not 
including the TSC427 drive current, is only 2.4 mA. This 
would allow the control circuitry to run directly off the 48 volt 
input (through a dropping resistor and shunt zener) while 
the TSC427 could be supplied from a secondary winding 
on the transformer, similar to the scheme shown in Figure 5. 


Conclusion 

CMOS power Sonitel isnowa reality. The TSC1 70 
dissipates very little power when compared to its bipolar 
counterparts. This combined with its fast rail to rail drive 
capability make the TSC170 a natural replacement for 
older bipolar parts. 


OUTPUT 
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Figure 6: 100W Power Supply 
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™ semiconpuctor ~APPLICATION BRIEF 7 


By Wes Freeman 


Design Engineers sometimes have to interface our TSC7106 
and similar ADCs to “non-ideal” sensors. A very common 
problem is that the sensor often does not give a “zero” output 
where the design wants a zero reading. 


One example of a “non-ideal” sensor is a diode used as a 
temperature sensor. The diode typically changes -2 mV per 
degree Celsius, but the change is from the diode’s forward 
voltage of 600 mV or so. In order for the display to read “000” 
at 0.0 degrees, an offset must be provided. 


The differential inputs of the TSC7106 yield an easy solution 
to the offset problem. Figure 1 shows a simple thermometer 
with a diode sensor. Because the diode voltage decreases as 
temperature increases, IN LO is connected to the diode 
temperature sensor. The IN HI input is connected to a trim- 
pot which is used to cancel the diode’s forward voltage. 


The offset problem gets a little more difficult, however, if a 
sensor requires a negative offset. The easiest way, shown in 
Figure 2, is to use a TSC9491 reference. This will provide an 
offset of up to -1.22 V. The only “trick” to this circuit is that 
Resistor R1 must source enough current for the TSC9491 
plus a few extra microamps for the COMMON input. 


Figure 2 also demonstrates the utility of the TSC7106 families’ 
differential reference. The effective reference voltage is 
simply the difference between the REF HI and REF LO inputs. 
In this way, the same TSC9491 can be used to produce both 
input offset and reference voltages. 
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TSC7660 Powers RS-232 Data Loop 


By Wes Freeman 


The introduction of single-voltage EPROMS and dynamic 
RAMs has permitted designers to produce complete digital 
systems powered by a single 5 volt supply. One area which 
has not yielded to single-supply operation, however, is the 
RS-232 interface. If a system must communicate with an 
RS-232 serial device, such as a printer or another computer, a 
separate power supply is required. 


The circuit in Figure 1 provides an RS-232 driver without 
requiring a second power supply. Originally built for down- 
loading files from an IBM PC to an AIM-65, the circuit is 
applicable to a wide variety of single-board computers as 
well as single chip microprocessors such as Intel’s 8051. In 
100-piece quantities the component cost is less than $3.00, 
and pc board space is only a little more than is occupied bya 
20-pin socket. 


Understanding the circuit’s operation is easy. U1 is the 
CMOS TSC7660 DC-to-DC converter. It contains an oscil- 
lator and matrix of switches which convert the +5 volt supply 
to -5 volts. The optoisolator converts the TTL-level input 
current into a voltage which swings between the plus and 
minus supply rails, producing RS-232 compatible output 
levels. 


Resistor R1 determines the RS-232 output voltage swing. 
R1’s value is determined by the input specifications of the 
receiving device, current transfer ratio of the optoisolator, 
and the driving circuit's output current capability. 


The RS-232 input voltage spec is +3 volts. The minimum 
input resistance of the MC1489, a typical RS-232 receiver, 


GNO 


CAP+ 
SINGLE BOARD COMPUTER 
OR OTHER SERIAL 
COMMUNICATIONS DEVICE 


SERIAL 


DC—DC 
CONVERTER 


e Low Cost Adapter 


is about 3 kQ.. Therefore, 1 mA of current must be supplied, 
and R1 must be: 


AS 5V-3V 
1mA 


For reliable operation the optoisolator should be biased to 
saturation, so: 


= 2 kO 


lopto = 19¥+ 5¥ =66mA 
2kQ 3 kn 


Since the optoisolator’s current transfer ratio is only 20%, 
the LED current must be: 


6.6 mA * 100% _ 33 mA 
20% 


This value is within the capability of the 7438 driver supplied 
with the AIM-65 computer. For interfacing to lower-power 
devices a higher gain optoisolator can be substituted. The 
4N33 Darlington, for example, has a current transfer ratio of 
500%, which reduces input drive current requirements to 
only 1.3 mA. 


ILED = 


For a cable length of six feet, the circuit operates properly up 
to 9600 baud. Unfortunately, high baud rates are not always 
useable. This is because many computer. prototyping 
boards seem to have software serial-communications routines 
which are designed for 110 baud teleprinters. These routines 
do not make use of the handshaking signals which RS-232 
provides. Unless the serial communications routines are re- 
written, lower baud rates may be required for proper operation. 
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This low cost circuit converts TTL-level signals to an RS-232 level without the expense of a negative power supply. The TSC7660’s 
~5 V output permits the optoisolator to swing to RS-232 levels at up to 9600 baud. 
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+5 V Power Supply Operation 
By Dave Gillooly with TSC71 06A/TSC71 07A 


The TSC7106A/7106 3 1/2 digit analog-to-digitial converters An external voltage reference replaces the internal reference 
with liquid crystal display drive can be powered from +5 V in Figure 3. Chip temperature variations caused by changing 
power supplies easily. Low cost voltage regulators such as LED display drive current can cause full-scale drift if the in- 
the LM7805 (+5 V) and LM7905 (-5 V) power the TSC7106A/ ternal reference does not have a low temperature coefficient. 
7106 in Figure 1. Analog common, internally referenced to Input signal magnitude and the corresponding seven seg- 
3 V below the positive supply potential, is used to supply the ment display code determine how many LED segment drivers 
converter reference. are active. The TSC7107A features an improved low tempera- 
If only +5 Vis available the low cost TSC7660 DC toDCcon- __ ture drift internal voltage reference. 

verter easily generates the -5 V supply as in Figure 2. A The TSC7107A is directly pin compatible with the first gene- 
TSC7107A/7107 LED display converter can also be powered ration 1|CL7107 device and lowers temperature induced full- 
by a TSC7660. scale drift (See the TSC7107A Data Sheet Also). 
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Figure 1: TSC7106A/7106 Operates From +5 V Power Supplies 
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Figure 2: TSC7660 Generates -5 V Power Supply 
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Figure 3: External Reference in +5 V System 
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Many Teledyne Semiconductor products use displays, cry- 
stals and capacitors. A partial list of potential suppliers for 
components is given below. Although not exhaustive, the list 


LED Displays 

® AND 

Burlingame, CA 94010 
(415) 347-9916 

TWX: 910-374-2353 


® General Instrument 
Opto Electronics Division 
Palo Alto, CA 94304 
(415) 493-0400 


@ Hewlett Packard 
Opto Electronics 
640 Page Mill Road 
Palo Alto, CA 94304 
(415) 857-5948 


® Litronix 
Cupertino, CA 95014 
(408) 257-7910 
TWX: 910-338-0022 


Oscillator Crystals 


® Daiwa Sinku Corp. 
Hirakacho, Kakogowa Hyogo, Japan 
0794-26-3211 


® International Piezo Ltd. 
Hong Kong 

3-351051 

TELEX: 35454 XTAL HX 


. © Jameco 
Belmont, CA 
(415) 592-8097 
TELEX: 176043 


@ Statek Co. 
Orange, CA 92668 
(714) 639-7810 
TWX: 910-593-1355 


Piezoelectric Audio 
Transducers 


@ Murata Erie 
Marietta, GA 30067 
(404) 952-9777 
TWX: 810-766-1531 


® Piezoelectric Products 
Gulton Industries 
Metuchen, NJ 08840 
(201) 548-2800 


APPLICATION BRIEF 10 


@ Amperex 
Slatersville, Ri 02876 
(401) 762-3800 
TWX: 710-382-6332 


® Crystaloid 
Hudson, OH 44236 
(216) 655-2429 


® Epson 

Torrance, CA 90505 
(213) 534-0360 
TELEX: 182412 


@® Hamlin 

Lake Mills, WI 53551 
(414) 648-2361 
TWX: 910-260-3740 


@ Printed Circuits International 
1145 Sonora Court 

Sunnyvale, CA 94086 

(408) 980-0591 


@® REFAC 

Winsted, CT 06098-0809 
(203) 379-2731 

TWX: 710-449-6464 


@ UCE 
Norwalk, CT 06855 
(203) 838-7509 


® Varitronix 

VL Electronics 

Los Angeles, CA 90027 
(213) 661-8883 

TELEX: 821-554 


Liquid Crystal Display 
Connectors 

® Tecknit 

129 Dermody Street 


Cranford, NJ 07016 
(201) 272-5500 


~ TWX: 710-996-5951 


This listing does not represent an endorsement of manufacturer's productora 
guarantee of suitablity. Contact the supplier for specific product information. 
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Vendors for Support 


Components 


should help development. Additional vendors can be found 
in the U.S. Industrial Directory, Electronic Design’s Gold 
Book, and Who’s Who in Electronics. 


Liquid Crystal Displays 


Polypropylene Capacitors 


® International Components 
Melville, NY 11747 

(516) 293-1500 

TELEX: 143130 


@ S&E!I Manufacturing 
Northridge, CA 91324 
(213) 349-4111 

TWX: 910-493-1252 


® Seacor 

Westwood, NJ 
(201) 666-5600 
TELEX: 135354 


@ Sprague Electric 
North Adams, MA 
(413) 664-4411 


® TRW Capacitors 
Ogalla, NE 
(308) 284-3611 


® Wesco 
Greenfield, MA 01301 
(413) 774-4358 


® West Lake Capacitors 
West Lake Village, CA 
(818) 889-4120 

TWX: 910-494-4779 


Quad Flat Package 
Test Sockets 


® Nepenthe Distribution 

2471 East Bayshore, Suite 520 
Palo Alto, CA 94303 

(415) 856-9332 


Resistor Networks 


® Caddock Electronics 
1717 Chicago Avenue 
Riverside, CA 92507 
(714) 788-1700 

TWX: 910-332-6108 


Notes 
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LCD Displays for Autoranging and 
By Wes Freeman Bar Graph Output A/D Converters 


Teledyne Semiconductor has developedseveral Displays for Autoranging A/D Converters 
analog to digital converters with unique LCD display 
formats. To speed prototype evaluation of these prod- Product Part Number 
ucts, standard displays are available from Crystaloid TSC805/815/816 SX-1028 
Electronics. This application brief lists the LCD manufac- 
turer part numbers for several of Teledyne 


Semiconductor's A/D converters. Displays for Bar-graph Display A/D Converters 
The vendor supplying these products can also 

design custom displays for almost any application. Product Part Number 

Please contact the vendor directly for information on 

available size, style, connector and display color options. TSC825 ST-1315 
TSC826 SX-1029 
TSC827 ST-1315-M1 
TSC828 ST-1322-M1 


Graphic Output Analog to Digital Converters 


TSC Resolution Set Dual Display 
Part No. (%) Points Polarity Type Description 


TSC825 1.0 No No MTPLX 1% ADC. with on-chip drivers for a 101-segment bar graph 
display. Differential inputs and reference. On-chip reference. 


TSC826 2.5 No Yes Direct 2.5% ADC with 41-segment LCD drive. Differential inputs 
with +20 mV to +2 V full scale. Bar or Dot display format. 
Display HOLD input. On-chip reference. 


TSC827 1.0 Yes No MTPLX 0.1% ADC with 101-segment LCD drive. Serial Data Output. 
High and Low set point alarms. HOLD input. Differential 
inputs and reference. On-chip voltage reference. 


TSC828 0.1 Numeric NA MTPLX Numeric Display controller for TSC827. Displays TSC827 A-D 
result to 0.1% resolution, plus Low and High set point values. 
Serial data input. Set point alarm logic outputs and piezoelec- 
tric buzzer driver. Five decimal point/annunciator inputs. 
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LCD Displays for Autoranging and 
Bar Graph Output A/D Converters 


Autoranging 3 1/2 Digit Analog to Digital Converters 


TSC. No.of HOLD 
PartNo. Ranges Function Package | | Description 


TSC805 22 No — 60Pin Flat: Autoranging ADC with on-chip drivers for 3 1/2 digit LCD display, 
| decimal points, and annunciators. Measures 9 DC/AC voltage, 4 
AC/DC current, and 9 high/low power Ohms ranges. On-chip 
reference. 9 V battery operation. 


TSC815 22 Yes 60Pin Flat Autoranging ADC with on-chip drivers for 3 1/2 digit LCD display, 
decimal points, and annunciators. Measures 9 DC/AC voltage, 4 
AC/DC current, and 9 high/low power Ohms ranges. Display 
HOLD input. On-chip reference. 9 V battery operation. 


TSC816 24 Yes 68 Pin Autoranging ADC with on-chip drivers for 3 1/2 digit LCD display, 
PLCC decimal points, and annunciators. Measures 9 DC/AC voltage, 6 
AC/DC current, and 9 high/low power Ohms ranges. Display 
HOLD input. On-chip reference. 9 V battery operation. 


Vendor Addresses: 


Crystaloid (USA) Crystaloid (Europe) 

Crystaloid Electronics Rep France 

P.O. Box 628 102, rue des Nouvelles 

5282 Hudson Dr. F92150 Suresnes 

Hudson, OH 44236 France 

Phone: (216) 655-2429 Phone: 33-1-42 04 29 25 
Fax: (216) 655-2176 Fax: 33-1-45 06 46 99 
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section 18 
Glossary 


Brief Glossary For TSC Products 


Analog-to-Digital Converter 

Electronic device that converts Analog (continuous) infor- 
mation into a Digital word (number). Analog quantities can 
be temperature, pressure, weight, chemical concentration, 
noise level, and fluid level. 


The Digital result can be a number in binary, decimal, or 
binary-coded-decimal (BCD). 


Auto-Zero 
A self-correcting system that insures a Zero output of the 
ADC for a Zero input. 


Binary 

Number system with only two values — 0 or 1 — in each 
numeric position. This is the number system used in compu- 
ter systems. 


Binary-Coded-Decimal (BCD) 


A number system whereby binary numbers are grouped in 
sets of four to represent decimal (Ten system) numbers. This 
system is shown below. 


Decimal # 


BCD # 

0000 0 
0001 1 
0010 2 
0011 3 
0100 4 
0101 5 
0110 6 
0111 7 
1000 8 
1001 9 


This number system is useful for some A/D converters intended 
to be used in displaying the output as decimal numbers. 


Bit 


A single binary number unit, 0 or 1. An 8-bit number could 
appear as: 


10011110 (158 in decimal) 
or 
01000011 (67 in decimal) 


or any other combination 
| from 00000000 
to 
11999111 


Code 


Output format of A/D converter. Usually binary, BCD, or 
sign-magnitude binary. 


Digit 
Asingle decimal number unit that can range in value from Oto 9. 
Thus, a 3 1/2 digit A/D converter goes from 0000 to 1999; 


a 4 1/2 digit A/C converter can provide outputs from 
00000 to 19999; 


and a 3 digit converter can provide outputs from 
000 to 999. 


Note that the “1/2 digit” merely doubles the output range by 
adding a Most Significant Bit to the output. 


Display ADC 

An A/D converter normally designed to convert and display 
the numeric vaiue representing the analog signal. Display 
ADC’s may have the Display Driver built in (as the TSC7106, 
7107, 7116, 7117 have), or may provide multiplexed BCD for 
use by external drivers (the TSC14433, TSC7135, and 
TSC8750 do this). 


Least-Significant-Bit (or Digit) 
The lowest number position 
for Decimal 1287 
t 
Least Significant Digit (LSD) 
10010011 
t 
Least Significant Bit (LSB) 


for Binary 


Multiplexed 

Signals sharing a common connection but separated in time 
are said to be multiplexed. Multiplexed BCD is characterized 
by the 4 BCD signal paths in which the appropriate digits are 
separated in time. 


Resolution 

Number of output states offered by the A/D converter. Fora 
binary ADC, the resolution is 2"; where n equals the number 
of bits, 


thus: 2° = 256 
2'° = 1024 
2'* = 4096 
2" = 16384 
2'* = 65536 


For decimal and BCD ADCs, the resolution equals 10"; where 
n is the number of digits (see “Digit” definition). 


Sign 

An additional output in some ADCs that are capable of mea- 
suring both + and - voitage. The sign bit identifies this polar- 
ity (typically, “1” for + and “O” for -). The coding format 
resulting is called Sign-Magnitude Code. 
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Glossary of Data Conversion Terms 


Absolute Accuracy 

The worst-case input to output error of a data converter re- 
ferred to the NBS standard volt. 

Accuracy 

The conformance of a measured value with its true value; the 
maximum error of a device such as a data converter from the 
true value. See relative accuracy and absolute Bccuracy, 


A/D Converter 


Analog-to-digital converter. A circuit which converts an 


~ analog (continuous) voltage or current into an output digital . 


code. 
Auto-Zero 


A stabilization circuit which serves an amplifier or A/D con- | 


verter input offset to zero during a portion of its operating 
cycle. 


Bandgap Reference 


A voltage reference circuit which is based on the principle of | 


the predictable base-to-emitter voltage of a transistor to 
generate a constant voltage equal to the extrapolated band- 
gap voltage of silicon (=1.22 V). 


Binary Code 
A positive weighted code in which a number is represented 
by | 

N = ao2° + ai2" + a22” + as2° +... + an” 


where each coefficient “a” has a value of zero or one. Data 
converters use this code in its fractional form where: 


~4 - ~ - 
N = ai2 gs0 faq 42. 3,/a00 7 
and N has a fractional value between zero and one. _ 


Binary Coded Decimal (BCD) 

A binary code used to represent decimal numbers in which 
each digit from 0 to 9 is represented by four bits weighted 
8-4-2-1. Only 10 of the 16 possible states are used. 


Bipolar Mode 
For a data converter, when the analog signal range includes 
both positive and negative values. 


Busy Output 


See Status Output 
Charge Balancing A/D Converter 


An analog-to-digital conversion technique which employs an 
operational integrator circuit within a pulse generating feed- 
back loop. Current pulses from the feedback loop are pre- 
cisely balanced against the analog input by the integrator, 
and the resulting pulses are counted fora fixed period of time 
to produce an output digital word. This technique is also 
called quantized-feedback. 


Clock 
A circuit in an A/D converter that generates timing pulses 
which synchronize the operation of the converter. 


Common-Mode Rejection Ratio 
For an amplifier, the ratio of differential voltage gain to 
common-mode voltage gain, generally expressed in dB. 


CMRR = 20 logio 


Acm 
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where Ap is differential voltage gain and AcM is common 
mode voltage gain. 


Conversion Time 

The time required for an A/D converter to seomplals a single 
conversion to specified resolution and linearity for a full- 
scale analog input change. 


Differential Linearity Error , 

The maximum deviation of any quantum (LSB change) inthe 
transfer function of a data converter from its ideal size of 
FSR/2”. , 


Dual Slope A/D Converter 

An indirect method of A/D conversion whereby an analog 
voltage is converted into a time period by an integrator and 
reference and then measured by a clock and counter. The 
method is relatively slow but capable of high accuracy. 


End of Conversion 
See Status Output 


Frequency-To-Voltage (F/V) Converter 
A device which converts an input pulse rate into an a al 
analog voltage. 


Full-Scale Range (FSR) 


The difference between maximum and minimum analog 
values for an A/D converter input or D/A converter output. 


Integral Linearity Error 

The maximum deviation of a data converter transfer function 
from the ideal straight line with offset and gain errors zeroed. 
it is generally expressed in LSB’s or in percent of FSR. 


integrating A/D Converter 

One of several types of A/D conversion techniques whereby 
the analog input is integrated with time. This includes dual 
slope, triple slope, and charge balancing type A/D converters. 


Least Significant Bit (LSB) | 


The rightmost bit in a data converter code. The analog size of 
the LSB can be found from the converter resolution: 


LSB Size = FSR 
9” 


where FSR is full-scale range and n is the resolution in bits. 


Linearity Error 
See Integral Linearity Error and Differential Linearity Error. 


Missing code 

In an A/D converter, the characteristic whereby not all output 
codes are present in the transfer function of the converter. 
This is caused by a non monotonic D/A converter inside the 
A/D. 


Monotonicity 

For a D/A converter, the characteristic of the transfer func- 
tion whereby an increasing input code produces a contin- 
uously increasing analog output. Nonmonotonicity may 
occur if the converter differential linearity error exceeds +1 
LSB. 


Most Significant Bit (MSB) 


The leftmost bit in a data converter code. It has the largest 
weight, equal to one half of full-scale range. 


Glossary of Data Conversion Terms 


Multiplying D/A Converter 
A type of digital-to-analog converter in which the reference 
voltage can be varied over a wide range to produce an analog 
output which is the product of the input code and input 
reference voltage. Multiplication can be accomplished in 
one, two, or four algebraic quadrants. 


Noise Rejection 

The amount of suppression of normal mode analog input 
noise of an A/D converter or other circuit, “generally ex- 
pressed in dB. Good noise rejection is a characteristic of 
integrating type A/D converters. 


Offset Drift 


The change with temperature of analog zero for a data 
converter operating in the bipolar mode. It is generally 
expressed in ppm/°C of FSR. 


Parallel Type A/D Converter 

An ultra-fast method of A/D conversion which uses an array 
of 2" - 1 comparators to directly implement a quantizer, 
where n is the resolution in bits. The quantizer is followed by 
a decoder circuit which converts the comparator outputs into 
binary code. 


Power Supply Sensitivity 

The output change in a data converter caused by achange in 
power supply voitage. Power supply sensitivity is generally 
specified in %/V or in %/% supply change. 


Ratiometric A/D Converter 
An analog-to-digital converter which uses a variable reference 
to measure the ratio of the input voltage to the difference. 
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Relative Accuracy 

The worst case input to output error of a data converter, as a 
percent of full-scale, referred to the converter reference. The 
error consists of offset, gain, and linearity components. 


Resolution 

The smallest change that can be distinguished by an A/D 
converter or produced by a D/A converter. Resolution may 
be stated in percent of full-scale, but is commonly expressed 
as the number of bits n where the converter has 2" possible 
states. 


Status Output 

The logic output of an A/D converter which indicates whe- 
ther the device is in the process of making a conversion or 
the conversion has been completed and output data is ready. 
Also called busy output or end of conversion output. 


Temperature Coefficient 
The change in analog magnitude with temperature, ex- 
pressed in ppm/°C. 


Three-State Output 

A type of a/D converter output used to connect to a data bus. 
The three output states are logic 1, logic 0, and off. An enable 
control turns the output on or off. 


Voltage-To-Frequency (V/F) Converter 
A device which converts an analog voltage into a train of digi- 
tal pulses with frequency proportional to the input voltage. 


Zero Drift 

The change with temperature of analog zero for a data con- 
verter operating in the unipolar mode. It is generally ex- 
pressed in pV/°C. 


Notes 


ENGINEER: ___ ae 
PROJECT: eae 
DESCRIPTION 
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Section 19 
Distributors and 
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Main Sales Offices 


Domestic Sales Offices 


Teledyne Semiconductor 

1300 Terra Bella Avenue 

P.O. Box 7267 

Mountain View, CA 94039-7267 
415/968-9241 

TWX: 910-379-6494 

FAX: 415-967-1590 


Teledyne Semiconductor 
Eastern Sales Office 

11 E. Chase St. 

Suite 5B 

Baltimore, MD 21202 
Tel: (301) 659-9880 
FAX: 301-659-9882 


Teledyne Semiconductor 
New England Sales Office 
52 Guild St. 

Suite 16 

Norwood, MA 02062 

(617) 769-9420 

FAX: 617-769-0469 


Foreign Sales Offices 


Teledyne Semiconductor 
Abraham Lincoln StraBe 38-42 
6200 Wiesbaden 

West Germany 

Tel: 6121-768-0 

TLX: 418-6134 

FAX: 6121-768155 


Teledyne Semiconductor 
The Harlequin Centre 
Southall Lane 

Southall 

Middlesex, UB2 5NH 
England 


Telephone 1-571-9596 


TLX: 935008 
FAX: 1-571-9439 


Teledyne Semiconductor 
85, Rue Anatole France 
F-92300 Levallois-Perret 
Tel.: 1-47 57 19 70 

TLX: 611752 

FAX: 1-47 59 92 69 


Teledyne Semiconductor 
10 Sam Chuk Street 

1/F., San Po Kong Kowloon 
Hong Kong 

Telephone 852-3-240122 
TLX: 780-43549 

FAX: 852-3-351 -2344 


United States Manufacturers Representatives 


Alabama 


Action Component Sales Inc. 


3005 L&N Drive #4 
Huntsville, AL 35801 
(205) 533-0287 


Alaska 
Teledyne Semiconductor 


1300 Terra Bella Avenue 
P.O. Box 7267 


Mountain View, CA 94039-7267 - 


Telephone: (415) 968-9241 
TWX: 910/379-6494 
FAX: 415/967-1590 


Arizona 


Teledyne Semiconductor 

1300 Terra Bella Avenue 

P.O. Box 7267 

Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 

FAX: 415/967-1590 


California 


Megarad Sales 

3823 Patrick Henry Place 
Agoura, CA 91301 

(818) 991-0091 


(San Francisco) 

Teledyne Semiconductor 

1300 Terra Bella Avenue 

P.O. Box 7267 

Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 

FAX: 415/967-1590 


San Diego 

Bestronics, Inc. 

9683 Tierra Grande Stree 
Suite 102 
San Diego, CA 92126 
(619) 693-1111 


Megarad Sales 
1620 El Portal Drive 
La Habra, CA 90631 
(213) 694-1750 


Colorado 


Candal Inc. 

7500 W. Mississippi 
Suite A-2 

Lakewood, CO 80226 
(303) 233-0155 


Connecticut 


~ Teledyne Semiconductor 
N.E. Sales Office 


52 Guild St. 

Suite 16° 

Norwood, MA 02062 
(617) 769-9420 
TWX: 710-321-9311 


FAX: 617-769-0469 


Delaware 


Teledyne Semiconductor 

1300 Terra Bella Avenue 

P.O. Box 7267 

Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 

FAX: 415/967-1590 


District of Columbia 


Walker-Houck Associates 


10706 Reisterstown Rad. 
Suite D 
Owings Mills, MD 21117 


(301) 356-9500 


Florida 


| ElectroCraft, Inc. 


12880 Automobile Blvd. 
Suite G 

Clearwater, FL 34622 
(813) 573-2277 


Georgia 


Action Component Sales Inc. 
494 Cove Road 

Suite 17 

Jasper, GA 30143 

(404) 998-7227 
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Hawaii 


Teledyne Semiconductor 

1300 Terra Bella Avenue 

P.O. Box 7267 

Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 

FAX: 415/967-1590 


Idaho 


Electronic Sources Incorporated 
17020 S.W. Upper Boones Ferry Rd. 
Suite #103 

Portland, OR 97224 

(503) 684-0040 


Illinois 


Dolin Sales Co. 

609 Academy Dr. 
Northbrook, IL 60062 
(312) 498-6770 


Indiana 


Luebbe Sales Company 
6515 E. 82nd Street 

Suite 202 

Indianpolis, IN 46250 
Telephone: (317) 845-7389 
FAX: 317-845-5875 


lowa 


Hitec Central, Inc. 

1644 26th St. N.W. 
Cedar Rapids, IA 52405 
(319) 396-3228 _ 


Kansas 


Hitec Central Inc. 

803 Choctaw 
Independence, MO 64056 
(816) 796-6684 


Kentucky 


Teledyne Semiconductor 

1300 Terra Bella Avenue 

P.O. Box 7267 

Mountain View, CA 94039-7267 
Telephone: 415/968-9241 

TWX: 910/379-6494 

FAX: 415/967-1590 


United States Manufacturers Representatives (Cont.) 


Louisiana 


MREP 

12801 Stemmons Fwy 
Suite 825 

Dallas, TX 75243 
(214) 484-5711 


Maine 

Teledyne Semiconductor 
N.E. Sales Office 

52 Guild Street 

Suite 16 

Norwood, MA 02062 
(617) 769-9420 

FAX: 617-769-0469 


Maryland 


Walker-Houck Associates 
10706 Reisterstown Rd. 
Suite D 

Owings Mills, MD 21117 
(301) 356-9500 


Massachusetts 


Teledyne Semiconductor 
52 Guild Street 

Suite 16 

Norwood, MA 02602 
(617) 769-9420 

FAX: 617-769-0469 


Michigan 


Luebbe Sales Company 
27280 Haggerty Road C-11e 
Suite 202 

Farmington Hills, Ml 48331 
Telephone: (313) 489-8828 
FAX: 313-489-8829 


Minnesota 


Microelectronic Sales 
6440 Flying Cloud Drive 
Minneapolis, MN 55344 
(612) 829-0948 


Mississippi 


Action Component Sales, Inc. 
555 Sparkman Drive 

Suite 208 

Huntsville, AL 35816 

(205) 539-2074 


Missouri 


Hitec Central Inc. 
2282 Goldfinch 
Florissant, MO 63031 
(816) 796-6684 


Montana 


Electronic Engineering Sales 
8405 165th Ave. 

Redmond, WA 98052 

(206) 883-3374 


Nebraska 


Hitec Central Inc. 

803 Choctaw 
Independence, MO 64056 
(816) 796-6684 


Nevada 


(Las Vegas) 

Megarad Sales 

3823 Patrick Henry Place 
Agoura, CA 91301 

(213) 991-5747 


(Reno) 

Teledyne Semiconductor 

1300 Terra Bella Avenue 

P.O. Box 7267 

Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 

FAX: 415/967-1590 


New Hampshire 


Teledyne Semiconductor 
N.E. Sales Office 

52 Guild Street 

Suite 16 

Norwood, MA 02062 
(617) 769-9420 

FAX: 617-769-0469 
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New Jersey 


Sunday O’Brien 

15 Potter St. 
Haddonfield, NJ 08033 
(609) 429-4013 


New Mexico 


1300 Terra Bella Avenue 

P.O. Box 7267 

Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 

FAX: 415/967-1590 


New York 


Teledyne Semiconductor 

1300 Terra Bella Ave. 

P.O. Box 7267 

Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 

FAX: 415/967-1590 


North Carolina 


Teledyne Semiconductor 

1300 Terra Bella Avenue 

P.O. Box 7267 

Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 

FAX: 415/967-1590 


North Dakota 


Microelectronic Sales 
6440 Flying Cloud Dr. 
Minneapolis, MN 55344 
(612) 829-0948 


United States Manufacturers Representatives (Cont.) 


Ohio 


Luebbe Sales Company 
7260 Edington Drive 
Cincinnati, OH 45249 
Telephone: (513) 530-0600 
FAX: 513-530-0623 


Luebbe Sales Company 
6480 Busch Blvd. 

Suite 131 

Columbus, OH 43229 } 
Telephone: (614) 431-0474 
FAX: 614-431 -0957 


Luebbe Sales Company — 
21330 Center Bidge Road 
Cleveland, OH 44116 
Telephone: (216) 333-0426 
FAX: 216-333-0704 


Luebbe Sales Company 
3832 Kettering Blvd. 
Dayton, OH 45439 
Telephone: (513) 294-0426 
FAX: 513-294-3167 

TWX: 513-459-1779 


Oklahoma 


MREP 

12801 Stemmons 
Suite 825 

Dallas, TX 75234 
(214) 484-5711 


Oregon 


Electronic Engineering Sales | 


12070 SW Upper Boones Ferry Road 


Suite 301 a : 
Portland, OR 97224 
(503) 639-3978 


Pennsylvania 


Sunday O’Brien 

15 Potter St. 
Haddonfield, NJ 08033 
(609) 429-4013 


Luebbe Sales Company 
9600 Perry Highway 

Suite 208 

Pittsburgh, PA 15237 
Telephone: (412) 364-0490 
FAX: 412-364-4290 


Rhode Island | 


Teledyne Semiconductor — 
N.E. Sales Office 

52 Guild Street 

Suite 16 

Norwood, MA 02062 

(617) 769-9420 

FAX: 617-769-0469 


South Carolina 


Teledyne Semiconductor 

1300 Terra Bella Avenue 

P.O. Box 7267 

Mountain View, CA 94039-7267 
Telephone: (415) 968-9241 
TWX: 910/379-6494 

FAX: 415/967-1590 


South Dakota 


Microelectronic Sales 
6440 Flying Cloud Dr. 
Minneapolis, MN 55344 
(612) 829-0948 


Tennessee 


Action Component Sales, Inc. 


- 3005 L & N Drive 


Suite 4 
Huntsville, AL 35801 
(205) 533-0287 


Texas 


MREP | 

12801 Stemmons 

Suite 825 

Dallas, TX 75234 

(214) 484-5711 

MREP 

1306 ©M 1092 

Suite 208 | 
Missouri City, TX 77459 
(713) 261-0798 


Utah 


Anderson Associates 
270 S. Main Street 
Suite 108 

Bountiful, UT 84010 
(801) 292-8991 


Vermont 


Teledyne Semiconductor 


N.E. Sales Office 

52 Guild Street 
Suite 16 

Norwood, MA 02062 
(617) 769-9420 
TWX: 710-321-9311 
FAX: 617/769-0469 


Virginia 
Walker-Houck 
105 Oak Hollow Drive 


Moneta, VA 24121 
(713) 297-4496 


Washington 


Electronic Engineering Sales 


8405 165th Ave. 
Redmond, WA 98052 
(206) 883-3374 


Wisconsin 


Dolin Sales Co. 

609 Academy Dr. 
Northbrook, IL 60062 | 
(312) 498-6770 


Wyoming 


Anderson Associates. 
270 S. Main Street 
Suite 108 

Bountiful, UT 84010 
(801) 292-8991 


Alabama 


Marshall Industries 

3313 Memorial Parkway South 
Suite 106 

Huntsville AL 35801 

(205) 881-9235 


Quality Components 

4900 University Square #20 
Huntsville, AL 35816 

(205) 830-1881 

FAX: 205-837-3330 


Arizona 


Future/Cetec Electronics 
4636 E. University 

Suite 245 

Phoenix, AZ 85034 

(602) 968-7140 


Marshall Industries 
9830 S. 51st St. 
Suite B121 
Phoenix, AZ 85044 
(602) 496-0290 


California 


All American 

2908 Oregon Court, Unit 2-G 
Torrance, CA 90503 

(213) 320-0240 


All American 

1590 Old Oakland Rd., Suite B-110 
San Jose, CA 95131 

(408) 287-0190 

FAX: 408-287-7839 


Future Electronics 

575 River Oaks Parkway 
San Jose, CA 95134 
(408) 434-1114 

FAX: 408-433-0822 


Marshall Industries 
336 Los Coches St. 
Milpitas, CA 95035 
(408) 942-4600 
FAX: 408-262-1224 


Marshall Industries 
Sacramento Division 

3039 Kilgore Ave. #140 
Rancho Cordova, CA 95670 
(916) 635-9700 

FAX: 916-635-6044 


California (Cont.) 


Future/Cetec Electronics 
21730 Nordhoff Street 
Chatsworth, CA 91311 
(818) 700-0914 


Marshall Industries 
9710 DeSota Ave. 
Chatsworth, CA 91311 
(818) 407-0101 


Marshall Industries 

9674 Telestar Ave. 

El Monte, CA 91731 
(818) 459-5500 


Future/Cetec Electronics 
1692 Browning Avenue 
Irvine, CA 92714 

(714) 250-4141 


Marshall Industries 

One Morgan 

Irvine, CA 92718 

(714) 859-5050 
Future/Cetec Electronics 
3940 Ruffin Road, Unit E 
San Diego, CA 92123 
(619) 278-5020 

Marshall Industries 


10105 Carroll Canyon Rd. 


San Diego, CA 92131 
(619) 578-9606 


Micro-Die Systems 
23860 Madison St. 
Torrance, CA 90505 
(213) 373-0687 


Colorado 


Future Electronics 
9046 Marshall Court 
Westminster, CO 80030 
(303) 650-0123 

FAX: 303-650-0937 


Marshall Industries 
12351 North Grant Street 
Thornton, CO 80241 
(303) 451-8383 

FAX: 303-457-2899 


Connecticut 


Future Electronics 
24 Stony Hill Rd. 
Bethel, CT 06801 
(203) 743-9594 
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United States Distributors 


Connecticut (Cont.) 


Marshall Industries 

20 Sterling Dr. 

Barnes Ind. Park 

P.O. Box 200 
Wallingford, CT 06492 
(203) 265-3822 


Florida 


All American 

16251 NW 54th Ave. 

Miami, FL 33014 

(305) 621-8282 

Chip Supply 

7725 N. Orange Blossom Trail 
Orlando, FL 32810 

(305) 298-7100 


Future Electronics 
4900 M. Creekside Dr. 
Clearwater, FL 34620 
(813) 578-2770 


Future Electronics 

380 S. Northlake Blvd. 

Suite 1048 

Altamonte Springs, FL 32701 
(305) 767-8414 


Marshall Industries 

2700 W. Cypress Creek Rad. | 
Suite C106 | 

Ft. Lauderdale, FL 33309 
(305) 977-4880 


Marshall Industries 

380 S. Northlake Bivd. 

Suite 1024 | 

Altamonte Springs, FL 32701 
(305) 767-8585 | : 


Marshall Industries 

2840 Scherer Drive 
Suite 410 

St. Petersburg, FL 33702 
(813) 573-1399 


Quality Components 
15212 Race Track Rd. 
Tampa, FL 33626 
(813) 854-2614 

FAX: 813-854-1446 


Georgia 


Future Electronics 

3000 Northwoods Pkwy. 
Suite 295 

Norcross, GA 30071 
(404) 441-7676 


Marshall Industries 


4350 J. International Bivd. 


Norcross, GA 30093 
(404) 923-5750 


Quality Components 
6145 Northbelt Parkway 
Suite B 

Norcross, GA 30071 
(404) 449-9508 

FAX: 404-449-0257 


Illinois 


Advent Electronics 
711016 N. Lyndon St. 
Rosemort, IL 60018 
(312) 298-4210 


Future Electronics 
1000 E. State Parkway 
Unit B 

Schaumburg, IL 60195 
(312) 882-1255 


Marshall Industries 
1261 Wiley Rd. #F — 
Schaumburg, IL 60173 
(312) 490-0155 | 


Semiconductor Specialists 


195 W. Spangler Ave. 
Elmhurst Industrial Park 
Elmhurst, IL 60126 
(312) 279-1000 


indiana 


Advent Electronics 
8446 Moller Rd. 
Indianapolis IN 46268 
(317) 872-4910 


Marshall industries 
6990 Corporate Dr. 
Indianapolis, IN 46278 
(317) 297-0483 


lowa 


Advent Electronics 

682 58th Ave. St. S.W. 
Cedar Rapids, IA 52404 
(319) 363-0221 


lowa (Cont.) | 


Dee Electronics 

2500 16th Ave. S.W. 
Cedar Rapids, IA 52406 
(319) 365-7551 


Kansas 


Marshall Industries 
8321 Melrose Drive 
Lenaxa, KS 66214 
(913) 492-3121 


Maryland 


All American 

1136 Taft St. 
Rockville, MD 20805 
(301) 251-1205 


Future Electronics 

7165 Columbia Gateway Dr., Ste. G 
Columbia, MD 21046 

(301) 290-0600 


(800) 638-1851. 


Marshall Industries 
8445 Helgerman Ct. 


Gaithersburg, MD 22070 


(301) 622-1118 


Pyttronic Industries 
8220 Wellmoor Ct. 
Savage, MD 20763 
(301) 792-0780 


Massachusetts 


Future Electronics 

133 Flanders Rd. 
Westborough, MA 01580 
(508) 366-2400 


Marshall Industries 

33 Upton Dr. 
Wilmington, MA 01887 
(508) 658-0810 


North Star Electronics 
100 Research Dr. 
Wilmington, MA 01887 
(508) 657-5155 

Now Electronics 

85 Speen St. 
Framingham, MA 01701 
(508) 872-5876 
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United States Distributors (Cont.) 


Michigan 
Advent Ejectronics 
24713 Crestview Ct. 


Farmington Hill, MI 48018 
(313) 477-1650 


Future Electronics 

35200 Schoolcraft Rd., Suite 106 
Livonia, MI 48150 

(313) 261-5270 


Marshall Industries 
31067 Schoolcraft 
Livonia, MI 48150 

(313) 525-5850 


Chelsea, Electroni Disti Group 
34443 Schoolcraft 

Livonia, MI 48150 

(313) 525-1155 


Chelsea, Electroni Disti Group 
300 36th St, SE 

Grand Rapids, MI 49508 
(616) 241-3483 


Minnesota 


All American 

8053 E. Bloomington Fwy., Suite 102 
Minneapolis, MN 55421 

(612) 884-2220 


Future Electronics 

10025 Valley View Rd., Suite 196 
Eden Praire, MN 55344 

(612) 944-2200 


Marshall Industries 
3800 Annapolis Lane 
Suite 460 

Plymouth, MN 55441 
(612) 559-2255 


Missouri 


Marshall Industries 
12774 Boenker 
Bridgeton, MO 63044 
(314) 291-4650 


Chelsea, Electroni Disti Group 3 
2555 Metro Blvd. : 
Maryland Heights, MO 63043 a 
(314) 997-7709 


New Jersey 


Future Electronics 
122 Fairfield Rd. 
Fairfield, NJ 07006 
(201) 227-4346 


Future Electronics 
520 Fellowship Rd. 
Suite A101 

Mt. Laurel, NJ 08054 
(609) 778-7600 


Marshall Industries 
158 Gaither Dr. 

Mt. Laurel, NU 08054 
(609) 778-8720 


Marshall Industries 
101 Fairfield Rd. 
Fairfield, NJ 07006 
(201) 882-0320 


New York 


All American 

711-2 Koehler Ave. 
Ronkonkoma, NY 11779 
(516) 981-3935 


Future Electronics 
7453 Morgan Road 
Liverpool, NY 13090 
(315) 451-2371 


Future Electronics 
333 Metro Park 

1st Floor 

Rochester, NY 14623 
(716) 272-1120 


Marshall Industries 

275 Oser Ave. 
Hauppauge, LI, NY 11788 
(516) 273-1515 


Marshall Industries 

129 Brown St. 

Johnson City, NY 13790 
(607) 798-1611 


Marshall Industries 
1250 Scottsville Rd. 
Rochester, NY 14624 
(716) 235-7620 


Future Electronics 

801 Motor Parkway 
Hauppauge, NY 11788 
(516) 234-4000 


North Carolina 


Future Electronics 


4701 Hedgemore, Suite 812 


Charlotte, NC 28209 
(704) 529-5500 


Marshall Industries 
5221 North Boulevard 
Raleigh, NC 27604 
(919) 878-9882 


Quality Components 
3029-15 Stonybrook Dr. 
Raleigh, NC 27604 
(919) 876-7767 

FAX: 919-876-6964 


Ohio 


Marshall Industries 
3520 Park Center Drive 
Dayton, OH 45414 
(513) 898-4480 


Marshall Industries 
30700 Bainbridge Road 
Unit A 

Solon, OH 44139 

(216) 248-1788 


Marshall Industries 
212 S. State Street 
Westerville, OH 43081 
(614) 891-7580 


Chelsea, Elec. Dist. Group 
1360 Tomahawk 
Maumee, OH 43537 

(419) 893-0721 


Chelsea, Elec. Dist. Group 
10979 Reed Hartman Hwy. 
Suite 133 

Cincinnati, OH 45242 
(513) 793-2450 


Oklahoma 


Quality Components 

3158 S. 108th East Avenue 
Suite 274 

Tulsa, OK 74146 

(918) 664-8812 

FAX: 918-664-8515 


19-9 


United States Distributors (Cont.) 


Oregon 


Future/Cetec Electronics 

15236 N.W. Greenbrier Parkway, 
Phase 111A Bidg. A 

Beaverton, OR 97005 

(503) 645-9454 

FAX: 503-645-1559 


Marshall Industries 
8333 S.W. Cirrus Drive 
Beaverton, OR 97005 
(503) 644-5050 

FAX: 503-646-8256 


Pennsylvania 


Marshall Industries 
701 Alpha Drive #240 
Pittsburgh, PA 15238 
(412) 963-0441 


Pyttronic Industries 

P.O. Box 433 

Stump Rd. 
Montgomeryvill, PA 18936 
(215) 643-2850 


Texas 


All American 

1819 Fireman Dr., Suite 127 
Richardson, TX 75081 

(800) 541-1435 


Future Electronics 
1900 Fireman Dr. 
Suite 150 
Richardson, TX 75081 
(214) 437-2437 


Marshall Industries 
8504 Cross Park Drive 
Austin, TX 78754 
(512) 837-1991 


Marshall Industries 
2045 Chenault 
Carrollton, TX 75006 | 
(214) 233-5200 


Marshall Industries 
7250 Langtry 
Houston, TX 77040 
(713) 895-9200 


Texas (Cont.) 


Marshall Industries 
2150 Trawood _ 
Suite B160 

El Paso, TX 79935 
(915) 593-0706 


Marshall Industries 

44 W. Jefferson, Suite C © 
Brownsville, TX 78520 
(512) 542-4589 


Quality Components = 
4257 Kellway Circle 
P.O. Box 819 | 
Addison, TX 75001 

(214) 733-4300 

FAX: 214-250-0216 


Quality Components 


2120-M West Braker Lane ~ 


Austin, TX 78758 
(512) 835-0220 
FAX: 512-339-9252 


Quality Components 
1005 Industrial Blvd. 
Sugarland, TX 77478 
(713) 240-2255 

FAX: 713-240-6988 


Utah 


Future Electronics 
2250 South Redwood Rad. 


Salt Lake City, UT 84119 © 


(801) 972-8489 
FAX: 801/972-3602 


Marshall Industries 


466 Lawndale Drive, Suite C 


Salt Lake, UT 84115 
(801) 485-1551 - 
FAX: 801/487-0936 2 


Washington 


Future Electronics 
4038-148th Ave N.E. 
Redmond, WA 98052 
(206) 881-8199 

FAX: 206/881 -5232 


Marshail Industries 
11715 N. Creek Pwky S. 
Suite 112 

Bothel, WA 9801 1 

(206) 486-5747 

~ FAX: 206/ 486-6964 


United States Distributors (Cont.) 


Wisconsin 


Marshall Industries | 
235 North Executive Drive #305 
Brookfield, WI 53005 | 
(414) 797-8400 | 
Taylor Electronic Co. 

1000 W. Donges Bay Rd. © 
Mequon, WI 53092 

(414) 241-4321 
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Canadian Manufacturers Representatives 
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Alberta 


Hi-Tech Sales Limited 

#23 4040 Blackfoot Trail S.E 
Calgary, Alberta: 

Canada T2G 4E6 

(403) 228-1011 

FAX: 403/239-5058 


British Columbia 


Hi-Tech Sales Limited 
7510B Kingsway 
Burnaby, B.C. 
Canada V3N 3C2 
(604) 524-2131 

FAX: 604/524-8180 


Hi-Tech Sales Limited 

8523 1 32nd Street 

Surrey, British Columbia V3W 4NB 
(604) 596-1886 

FAX: 604/596-5992 


Manitoba 


Hi-Tech Sales Limited 
#17 360 Key Watin St. 
Winnipeg, Manitoba 
Canada R2X 2Y3 
(204) 694-0000 

FAX (204) 694-0433 


Ontario 


Hi-Tech Sales Limited 
1640 Bonhill Road 
Unit #5 

Mississauga, Ontario 
Canada L5T 1C8 
(416) 672-0284 

FAX: 416/672-0286 


Quebec 


Hi-Tech Sales Limited 

630 Andre Jobin 

lle Birzard, Quebec H9C 1W7 
(514) 386-4728 

FAX: 514/626-1244 


Saskatchewan 


Hi-Tech Sales Limited 
413 Mullin Avenue E. 
Regina, Saskatchewan 
Canada S4N 1C8 
(306) 757-4733 


Canadian Distributors. 


Alberta 


Future Electronics 

3220 5th Ave. N.E. 
Calgary Alberta T2A 5N1 
(403) 235-5325 


Future Electronics 

5312 Calgary Trail 
Edmonton, Alberta T6H 4JB 
(403) 438-2858 


British Columbia 


Future Electronics 

1695 Boundary Rd. — 
Vancouver, B.C. VSK 4x7 
(604) 294-1166 — 


Manitoba 


Future Electronics 

444 Sharon Bay 

Winnipeg, Manitoba R2G OH7 
(204) 339-0554 


Ontario 


Future Electronics 

Baxter Center 

1050 Baxter Rd. 
~ Ottawa, Ontario K2C 3P2 
(613) 820-8313 


Future Electronics 

82 St. Regis Cres. N. 
Dowsview, Ontario M3J1Z3 
(416) 638-4771 | 


Marshall Industries 

83 Galaxy Blvd., Unit #9. 
Rexdale, Ontario M9W5R8 
(416) 674-2161 
FAX: n16) 674-2168 


Quebec 


Future Electronics 

237 Hymus Bivd. | 

Pointe Claire, Quebec HOR 5C7 
(514) 694-7710 


Future Electronics 

1990 Boul. Charent 0. 

Suite 190 ? | 
St. Foy, Quebec G1 N 4KB | 
(418) 682-5775 | | 
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International Representatives and Distributors 


Argentina 


Tinko SA 

Aisina 1633 

1088 Buenos Aires 
Argentina 

Telephone: 49-6060 
TLX: 17825 SENIS AR 


Australia 


Promark Electronics Pty Ltd. 
Sydney Office: 

Suite 102, 6-8 Clarke Street 
Crows Nest, NSW 2065 
Australia 

Telephone: (02) 439 6571 
Telex: 20474 | 

Fax: (02) 436 0863 


Melbourne Office: 

Suite 3, 366 Whitehorse Rd. 
Nunawading Victoria 3131 
Australia 

Telephone: (03) 878-1255 
Telex: 35045 


Brazil 


Hitech Comerciale Industrial Ltd. 


Av. Eng. Luiz Carlos Berrini, 801 
Conjunto 111/121 

Brooklin 

Telephone: (011) 533-9566 
TLX: 391-53288 


Peoples Republic of China 


Renful Technology LTD 

Rm. 1001, 10/F 

Join-In Hang Sing Centre 
71-75 Container Port Rd., 
Kwai Chung, NT, Hong Kong 
Telephone: 0-268182 

Telex: 30010 RENFL HX 
Fax: 0-4890989 


Denmark 


E.V. Johanssen Elektronik A-S 
Titangade 15 

DK-2200 Copenhagen N 
Telephone: 01-83 90 22 
Telex: 16522 

Telefax: 01-83 92 22 


Finland 


OY Fintronic AB 
Melkonkatu 24A 
SF-00210 Helsinki 21 
Telephone: 90-692 60 22 
TLX: 124224 

Telefax: 90-67 48 86 


France 


Tekelec Airtronic SA 

Cite des Bruyeres 

Rue Carle Vernet 

F-92310 Sevres 
Telephone: 01-45 34 75 35 
TLX: 204552 

Telefax: 01-45 07 21 91 


Scientech SA 

11, Av, Ferdinand Buisson 
F-75016 Paris 
Telephone: 1-46 099136 
FAX: 1-46 2179 92 

TLX: 260042 


Germany 


Adelco Elektronik GmbH 
Boxholmstr. 5 

2085 Quickborn 
Telephone: 04106-2024 
TLX: 2180619 | 
Fax: (04106) 3852 


Emtron 

Electronic Vertriebs GmbH 
Rudoilf-Diesel-Str. 14 

6085 Nauheim 

Telephone: (06152) 61081 
TLX: 4191127 

Fax: (06152) 69347 


Semitron W. Rock GmbH 
Im Gut 1 

7897 Kussaberg 6 
Telephone: (07742) 7011 
TLX: 7921472 

Telefax: (07742) 6901 


19-13 


Germany (Cont.) 


Neumuller GmbH 
Eschenstr. 2 

8028 Taufkirchen 
Telephone: (089) 61208-0 | 
TLX: 522106 

Fax: (089) 61208248 


Weisbauer Electronik 
Heiliger Weg 1, 

4600 Dortmund 
Telephone: 0231 -579547 
Telex: 822538 

FAX: 0231-577514 


Israel (Representative) 


E.I.M. 

International Electronics Ltd. 
8 Emil Zola Street 

Petach Tiqva 49130 
Telephone: 03-9233257/8/9 
Telex: 381144 

Telefax: 03-922 48 57 


Italy 


Velco SRL 

Contra S. Francesco, 75 
I-36100 Vicenza, Italy 
TEL: 0444-92 29 22 
TLX: 431075 Velco | 
Telefax: 0444-92 23 38 


Japan 


Tomen Electronics Corp. 

1-1, Uchisaiwai-Cho 2-Chome 
Chiyoda-Ku, Tokyo 100 
Telephone: 03-506-3694 

TLX: J23548 

FAX: 03-341 -3974 


Tomen Electronics Corp. 
Osaka Sales Office 

64 Kawaramachi 2-Chome. 
Higashi-Ku, 

Osaka 541 

Telephone: 06-208-3636 
Telex: J63245 

FAX: 06-208-3640 


International Representatives and Distributors (cont.) 


ia (Cont.) 


Sil-Walker Inc. 

Head Office ; 
1-1, Shinjuku 5-Chome 
Shinjuku-Ku, Tokyo 160 
Telephone: 03-341-3651 
TLX: 0232-3398 

FAX: 03-341 -3974 


Sil-Walker Inc. 

Osaka Office 

3-6-20 Kigawa Higashi 
Yodogawamku, Osaka 532 » 
Telephone: 06-303-4102 


Korea 


Vine-Overseas Trading Corp. 
Rm. 305/306, Korea Electric 
Association Blidg., 

11-4, Supyo- Bong. sone -Ku 
Seoul 

Telephone: 

266-1663/265- 9875/265- 3892 
TLX: K24154 

FAX: 2-272-7807 


Netherlands 


Alcom Electronics bv 

Esse Baan1 — : 

NL-2908 LJ Capelle a/d lJssel 

Telephone: 010-45 19 533 — 
TLX: 26160 | | 

Telefax: 010-45 86 482 


New Zealand 


Actronic Systems LTD. 

8 Eden St., NewMarket 

P.O. Box 9341 

Auckland, New Zealand 
Telephone: 09-549578/548819 
Telex: NZ63044 ACTSYS 
FAX: 09-547623 


South Africa 


Fairmont Electronics (Pty) Ltd. 
4/F. 312 Kent Avenue 
Ferndale 

Randburg 2194, South Africa 
Telephone: 011-789-1230/4 
TLX: 424842 FMT SA 

FAX: 011-886-2929 


Singapore 


Scan Electronics (S’pore) Pte Ltd 
50 Kallang Bahru #04-01-/03 | 
Kallang Basin Industrial Estate 


Singapore 1233 
Telephone: 65-294-2112 
TLX: RS24983 STECH 
FAX: 65-296-1685 


Spain 


Amitron S.A. 

Avenida Valladolid, 47-A 
E-28008 Madrid 
Telephone: 01-2479313 
TLX: 45550 

Telefax: 01-248 79 58 


Sweden 


Teledyne Semiconductor : 
Abraham Lincoln Street 38-42 
D-6200 Wiesbaden 

West Germany 

6121-768-0 

TWX: 4186134 

Telefax: 6121-76 81 55 


Bexab Technology 
Kemistvagen 10, 
S-18325 Taby 
Telephone: 46 87328980 
Telex: 13888 

Fax: 46 87327058 


Switzerland 


ENA AG 

CH-8917 Oberlunkhofen 
Telephone: 057-34 28 34 
Telex: 827986 

Telefax: 057-34 14 43 
Omni Ray AG 
Industriestr. 31 

CH-8305 Dietlikon 
Telephone: 0171-83521 11 
TLX: 827336 

Telefax: 01-833 50 81 | 


Taiwan 


Timkuo Taiwan Ltd. 


8F-2, 157 Fu Hsing S. Road | 


Sec. 2, Taipei 
Telephone: 02-709-2246 
TLX: 26206 TIMKUO 
FAX: 02-709-2247 
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Tu rkey 


Empa A/S 

Refik Saydam Cad No. 89 
Kat 5 

-Sishane-Istanbul } 
Telephone: 01-143 62 12/13 
Telex: 25533 


United Kingdom 


Macro Marketing Ltd. 
Burnham Lane 

Slough, Berks. SL1 6LN 
Telephone: 06286-4422 
TLX: 847945 : 
FAX: 06286-66873 


Phoenix Electronics 
Phoenix House 
Bothwell Road, 
Castlehill, 

Carluke, ML8 5UF 
Telephone: 0555-51562 
TLX: 777404 


Lucas Semicomps Ltd., 
Halifax Road, 

Keighley, 

West Yorkshire BD21 5HR 
Telephone: 0535-667921 
TLX: 517343 

FAX: 0535-606690. 


Semiconductor Supplies Ltd. 
Dawson House, 

128/130 Carshalton Road, 
Sutton, Surrey SM1 4RS 
Telephone 01 643-1126 
TLX: 946650 

FAX: 01-643-3937 


Trident Microsystems LTD 

55 Ormside Way, 
Holmethorpe Industrial Estate, 
Redhill, Surrey, RH1 1LS 
Telephone: 0737-765900 
TLX: 8953230 

FAX: 0737-771008 


Polar Electronics Ltd. 
Cherrycourt Way 
Loighton Buzzard 
Bedfordshire 

LU7 8YY 

Telephone: 0525 377093 
Fax: 0525 378367 

Telex: 825238 


Mexican Distributors 


CD. Juarez Mexico City 
Dicopel Dicopel 
Av Insurgentes 1753-202 Tochtli 368 Fracc. | San Antonio 
CP 32000 Cd. Juarez Chihuahua AZCAPOTZALCO C.P. 02760 
Tel. 4-55-40 | Tels. 561-32-11 Con 10 Lineas 
Telex. 1773790 Dicome 
Guadalajara 
Monterey 
Dicopel 
Federalismo 268-A 1er. piso Dicopel 
Sector Juarez Guadalajara, Jal Edificio Latino desp 2105 
Tel. 26-12-32 J. Ignacio Ramon 506 Otc. 
Telex. 681663 Dicome Monterey, N.L. 
Tel. 42-95-30 
Merida Telex. 382104 Dicome 
Dicopel Tijuana 
Calle 64 No. 480-7 
por la 57 Dicopel 
Centro Av Revolucion 1232-503 
C.P. 9700 Zona Centro, ente la 8a y 9a 
Merida Yucatan C.P. 22000 
Tel. 3-71-04 Tijuana, B.C. 
Telex 753818 Tpmdme 


Mexican Manufacturers Representatives 


California 


SSB Electronics Inc. 

675 Palomar St Bldg 4 Suite A 
Chula Vista, CA 

(619) 585-3253 


Chip Distributors 


Florida 


Chip Supply 

7725 N. Orange Blossom Trail 
Orlando, Fi 32810 

(305) 298-7100 
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Notes 


ENGINEER: a 
PROJECT; ___ ate 
_ DESCRIPTION 
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